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FOREWORD

-

The objective of this study was to determine the operating
characteristics and relative hazard associated with,and to
establish criteria for, the application of two-way stop, yield,
and no control at low volume intersections, The report will be
of interest to traffic engineers involved in controlling traffic
by signing.

Observations and measurements were made at 140 low volume inter-
sections located in Texas, Florida, and New York. Control type,
location (urban/rural), geometry (3-leg/4-leg), major roadway
volume, and sight distances were examined to determine their
individual and interactive effects on driver behavior, accident x
experience, and travel time through the Intersection. Findings

show that restrictive control (STOP) did not produce lower [
accident experience. Yield control resulted in the lowest travel :
time of the three control types considered.

Sufficient copies of the research report are being distributed
to provide two copies to each regional office, one copy to
each division office, and two copies to each State highway
agency. Direct distribution is being made to each division

office.
Charles F. Scheffey

Director, Qffice of Research
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability for
its contents or use thereof.

The contents of this report reflect the views of the authors who are
responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views
or policy of the Department of Transportation.

This report does not constitute a standard, specification, or
regulation.

The United States Government does not endorse products or manufac-
turers. Trade or manufacturers’ names appear herein only because
they are considered essential to the object of this document.
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CHAPTER 1:

Specific warrants for installation of STOP
and YIELD signs at low volume intersections

are not included In the current Manual on

Uniform Traffic Control Devices for Streets

and Highways (MUTCD) (1) or other national

policy manuals. in fact, the term '"low
volume™ intersection is net specifically de-
fined, although general practice has been to
classify all intersections of minor roadways
with less than 500 wvehicles per day {vpd)
with any other roadway as low volume inter-
sections,

The MUTCD warrants for usage of STOP
signs, although not specifically delineating
infersection volume constraints, 'generally
‘have been applied by practicing englineers at
those intersections exhiblting high accident
histories, or where the rule of right-of-way
is unduly hazardcus. The MUTCD however,
specifies that a STOP sign may be used at
the intersection of a street with a through
highway or of two streets (volume unstated),
Warrants for usa of YIELD signs are equally
non=specific with respect to fraffic volume
conditions,

In essence, there exist no specific quide-
Iines by which the practicing engineer can
objectively assess the need for installation
of a STCP sign or & YIELD sign,as opposed to
installing no sign control at a low volume
intersection, Yet engineers are faced with
this dilemma for more than an estimated half
milllon Ylow volume" intersections (2)
throughout the nation,

Several factors influence the need for ob-
jective criteria and warrants for regulatory
signing (including "no=sign™). The economic
constraints within which agencies must ope-
rate dictate that costly signs must be in-
stalled only where necessary for safety and
efficient traffic operation. Sign instalta-
tion costs represent only one economic face=
tor; traffic control devices regulating ope-=

EXECUTIVE SUMMARY

rations affect road wuser costs, fuel
consumption and exhaust emissions. The

. atmosphere with respect to tort liability is

rapidly becoming a highly influential factor
in the decisions to instal! traffic control
devices. However, extravagant usage of
unneeded fratfic control breeds driver
disrespect for the devices in general, which
can lead *to increased noncompliance and
increased accident occurrence, These
factors must be evaluated against fthe safety
aspect of right-of=way control so that
objective guidelines for siqning of low
volume intersections can be developed.

PURPOSE OF STUDY

This research study determined the operat-
ing characteristics and the retative hazard
assocliated with, and esfablish definlitive
criteria tor, the application of two-way
STOP, YIELD and No Control at low volume in-
tTersections. The resulting criteria were
based on the premise of using the minimum
amount of control necessary to maintain a
reaspnable level of safaty,.

The types of intersections considered ex-
cluded those controlled by signals or multi-
way STOP signs. They had at least one road-
way with an ADT of 500 vehicles per day
(vpd) or less and did not meet the MUTCD
volume warrants for signals. The intersec-—
tions studied were representative of urban
and rural areas, the most common geometric
layouts (3-teg and 4-leg), and a range of re-
giona! (Texas, Florida, and New York) dif-
ferences, Major roadway volumes up to
10,000 vpd were included.

L ITERATURE SURVEY

The bulk of the previous research has cen-
tered on one aspect or another of {ntersec-
tion operation and safety without adeguate
consideration of all possible variables,



Onty four studies have specifically ad-
dressed low volume intersections.

Three of the four low volume Intersection

studies were based heavily on theoretical

relationships,or on simulation, with some
empirical data. A1l four studies demon-
strated the feasibility of establishing
minimum definltive warrants for STOP, Y1ELD
and No Control at low volume intersections,

Other research, not necessarily restricted
to low volume situations, identified other
potentially important relationships,
Several studies showed tThat both major and
minor roadway volumes had a significant im
pact on accident rate, However, littie
change in accident rate was experienced when
STOP signs were repltaced wlth YIELD signs.
Accident severity was found to increase with
speed differential; accident cost increased
with severity. Operating costs Increased
significantly wlth Increasing major roadway
volume, Compliance with STOP control has
deteriorated consistently over the last 50
years to the extent that less than 20% of
the drivers voluntarily stop. Resgarchers
investigating compliance clted overuse of
STOP signs as a primary reason for high' vio—
lation rates.

DEVELOPMENT OF PRELIMINARY CRITERIA

Significant findings from the Ilterature
survey were examined in more detail for the
purpose of developing the best possible set
of criteria. Criteria employed by other
agencies were also examined, A set of varl-
ables requiring validation was developed
(Table 1}, In most cases the variables had
not been sufficiently validated to permit
gquantlfication of preliminary criteria with-
out further extensive vallidation,

FIELD VALIDATION

Field valldation was accomplished in two
phases: 1Y studies to screen for break-

points in accident and operating character-
istics, and 2) on-site fleld studies.

Screening Studles

Significant difficulties were encountered
In conducting the screening studies as de-
signed. Detailed intersection and/or con-
trol device inventories were found to be ex-
tremely rare in all parts of the country and
across all jurisdictions. The use of YIELD
and No Control is very limited, especially
in rural areas. Traffic volumes at low vol-
ume intersectons are rarely counted, and al-
most never on a routine basis. Fer these
reasons, the screening study was limited to
Texas, where accldent records were manually
searched, control type was identifled by
on-slte inspection, and traffic vo'umes were
astimated from one=hour counts.

On=5ite Field Studies

Fleld investigations were conducted in
Texas, Florida and New York. Crews of two
persons were dispatched to a total of 140
Intersections (60 in Texas, 40 each in
Florida and New York). In each region, a-
representative sample of STOP, YIELD and No
Control in both wurban and rural areas was
examined,

Operational data collected included major
roadway approach speeds and the following
data on aach minor roadway vehicle: ap-
proach speed, turning movement, total ftravel
time {from I50 feet (45 m) In advance of the
intersection to 130 feet (45 m) beyond],
entry speed and conflicts, Physical char-
acteristics Included approach sight distance
to the control device, and available sight
distance on each quadrant, compared to the
sight distance recommended by AASHTO. A
three-year accident history was obtalned for
each intersaction.

Intersections sampled In' rural Florida
proved to be somewhat anomalistic in that



Table 1. Candidate Variables Studied

Dependent Variables _Independent Variablaes
Driver Behaviar Control Type
Forced Stops. intersection Type
Yoluntary Stops Region
Slow Entries Locatlen
Fast Entries Major Road Yolume

Conflicts Minor Road VYolume
" Approach Speed
Sight Distance
Accident Experience
Accidents Per Intersection
Iintersections with Accidents
Severity

Travel Time
. 3~Leg Infersections
4-Leg Intersections

Turning Movements
L




there were no rural YIELD or No Control in-
tersections, and that the volumes at rural
STOP 1nfersec+iohs were extremely low.
These artifacts were adegquately accounted
for in the analysis.

DATA ANALYSIS AND RESULTS

Oriver behavior, accident experience and
travel time were analyzed for each indepen-
dent variable:: region, location, contral),
qeometry and major volume.

A summary of the results by comntrol type
is shown in Table Z.

It was concluded that control type has no
appreciable effect on accident experience at
low volume Intersections, Travel time is
significantly affected by signing, wlth STOP
control producing the |ongest travel time,
and Y| ELD control the shortest,

Only minor operaticnal difterences were
detected between regions. It was concluded
that any signing criteria would have equal
applicability in all regions.

Smal! differences in *ravel time were ob-
. served between urban and rural locations.
These differences are primarily a function
of major roadway volume,

Geometry (3-leg and 4-leg) does not play a
major role In, either the safety or operatlon
of Jow volume intersections,

Major roadway'volume significantly affects
both the accident potential and operating
characteristics of low volume intersections,
The percentage of Intersections experienc-
ing accidents Increasas significantly at
2000 vpd and agaln at 4000 vpd (lrrespective
of contro! +typel. Trave! time Increases
signlficantly at 2000 vpd, primarily due to
increased forced stop rate.

Sight distance has no discernible effect
on either safety or operations at low volume

intersections.
EXPECTED BENEFITS AND COSTS

Costs resulting from a change in control
type are 'those incurred by the highway
agency in labor and materiats required to
effect the change. Benefits are the savings
in vehicle operating costs and road user
time costs resulting from the change. |If a
changa is made from a more efficlent to a
less efficient control type, negative bene-
#1ts to the road user are incurred,

Yehicle operating costs and road user time
costs were computed for each device from the
data collected in the field studies. Costs
were computed separately for major roadway
volumes below and above 2000 'vpd, as that
volume wds the point of significance for
most variables,

The average annual costs and benefits were
computed assuming a Seven-year service life
of control devices, a flve-percent discount
rate and an annua! growth of three percent
in minor roadway traffic. A summary of
these values 1s shown in Table 3, In no
case was conversion fo STOP control cost-
effective. Conversions -to YIELD control
were always cost-effective.

A comparlson of expected accident costs
and road user savings showed that YIELD con-
trol is preferable foQ locatlons with up to
2 accidents in 3 years, |f the minor road
volume Is greater than 300 vehicles per day,
YIELD control s cost-effactive with up to
3 accidents In 3 years, Higher accident
frequencles justlfy STOP control, consistent
with the "conventional wlisdom" +that STOP
control will reduce the potential for acci=-
dents,

CONCLUS 1ONS
Based on the results of this study, the

following criteria should govern the appli-
cation of ftfraffic control at low volume



TABLE 2. Summary of Significant Data

Control Type

YIELD

Statisticeal
Sktgnitficance

STOP No Control
Number of Intersections 48 48 44 -
Average Volume {vpd)
Major Roadway ‘2530 2380 3800 -
Minor Roadway 200 190 S 120 -
Accident Experlience (3 Ysars) 19 Acc. | 20 Acc, 14 Acc. -
' Mean Acc./Intersection A4 .42 32 Not S1g.
Intersection W/No Ace.
All Intersecticns 69¢% 83% 95% 1 51g., p<l.05-
Major Volumes < 2000 71% 21¢4 100% -
Major Yolumes > 2000 679 62% 87% -
Driver Behavior
Voluntary Stops 199 8% 9¢ Not' Sige
Slow Entrles {< 5 mph) 65% 79% 80% Not Sig.
Fast Entries (> 5 mph) 16% 13% 1% Not Sige
Travel Time
3Leg Intersections (secs} 15.9 12.6 14.3 Sig., p<.05
4-Leg Intersections (secs} 15.8 131 16.8 Not Sig.
Turning Movements (secs) 15.8 12,7 14,6 Sigas, p<.05




TABLE 3, Average Annual Highway Agency Costs and Road User Savings

Control Type . Highway
Change Agency Expected Average Annual Savings
From To Cosfl/’ Minor Roadway Volume _
Existing| Proposed |3-Leg| 4-Leg| 100 ] 200 | 300 ] 400 | 500
e e —=mesm—==-Major Volume < 2000 vpd-----—-----—--—------—-; ——————
5TOP Y1ELD 57 $ 11 |8 240 $ 480 § 720 | $ 960 |§1,200
STOP No Control 5 5 44 . 88 132 | 176 220
No Controll  YIELD 14 23 196 392 588 784 980
------------------------------- -Majer Yolume > 2000 vpd==-=-==-m==-———memmmc i m e ——aaa
STOP YIELD |8 7 s 11 |s 244 ¢ 488 | 5 732 | § 976 {81,220
" STOP | No Control 5 -3 155 310 465 620 775
Ne Centroll  YIELD 14 23 88 176 264 352 440

/ From Table 48,



intersections,

Ve STOP signs(s) should be instalied on the

minor approach{es) of intersections where
one or more of the following conditions

exist:

a, Sight distance on any quadrant
produces a safe approach spesd on the
minor approach of less than 10 mph
(16 km/h){(per MUTCD).

b. Accidents involving minor roadway

vehicles have occurred with elther of

the following frequencies:

® Four or more within the last three
years, or

e Three or more within the last fthree
years, provided *that minor roadway
volumes are less than 300 vehicles
‘per day.

2, YIELD sign(s) should be installed on the

minor approach(es} of Intersections where

avallable sight distance  exists on all

quadrants to permit a safe approach speed
of at least 10 mph (16 km/h} and one or
more of the following conditions exist:

a. No more than two accidents involving
minor roadway vehicles have occurred
within the last three years, or

b. At
volumes greater than 300 vehicles per
day, no more than three such accidents

intersections with minor roadway

have occurred within the last three
YOAars.,

No Control may be -used at Intersections
where the sight ‘distancs specified for
YIELD signs is afforded, and there have
been no accidents in the last three
years, and *the major roadway vofume Is
less than 2000 vehicles per day.

Tablte 4 summarizes the conditions under
~ which sach control type should be applied.



TABLE 4. Summary of Suggested Control Criteria.

Ma jor Roadway Yolume

Slght Accident
Distance History < 2000 vpd > 2000 wvpd
- |
o] No ConTrc[ ]
______ |
<2 YIELD
Adequate ) |\ - __
3 STOP*
4+
STQP
Not
Adequate

*)t minor roadway Is greater than 300 vpd, Y!ELD control
appropriate for intersections with less than 4 accidents in

3 years,

is



CHAPTER 2, DEVELOPMENT OF PRELIMINARY CRITERIA

The purpose of this task was to [} review
the pertinent literature, 2) Ildentify, as
closely as possible, the best set of cri-
teria from the several sets available and,
3) determine the actual field data collec-
tion requirements. With these requirements
in mind 1+ was then pcssible to prepare an
experimental plan that concentrated on the
key varlables and omitted or minimized study
of extraneous variables.

LITERATURE REVIEW

The literature was categorized and will be
discussed independently as follows:

(t) Current criteria, warrants, and prac-
tice,

{2) Low volume intersection research In-
vestigations, and

{3) Ratated ressarch of merit.

Current Criteria, Warrants and Practice

Speclfic warrants for the Installation of

STOP and Y[ELD signs at low volume intersec-.
tions are not included in the current Manual

on Uniform Traffic Control Devices for

Streets and Highways (MUTCD) (I} or other
‘naTEona! policy manuals, In faqf, the tarm
"low volume" intersection is not specifi=
cally defined, although general practice has
been to classify intersecticns with at least

one roadway of 500 vehicles per day (vpd) or
iess as "low volume" fnfersecfions -- analo-
gous to the accepted "low vofume" roadway
definition,

Two=Way STOP Control

The MJUTCD warrants for STOP signs, al-
though not specifically delineating inter=
section volume constraints, generally have
been applied by practicing engineers at
those intersections exhibiting high accldent

histories, or where the rule of right-of-way
Is unduly hazardous. The MUTCD, however,
specifies that a STOP sign may be used at
the intersection of a street wlith a +through
highway,of of two streets (volume unstated).
The warrants contained in the MUTCD for fwo-
way STOP control are given below:

"Because the STCP sign causes a substan-
tial inconvenience to motorists, [t should
be used only where warranted. A STOP sign
may be warranted at an intersection where
ona or mare of the following conditions
exist:

l. Intersection of a less Important road
with a main road where application of
normal right-of-way rule is unduly
hazardous,

2, Street entering a through highway or
street,

3. Unsignalized intersection in a sig-
nalized area.

4, Othaer intersections where a combination
of high speed, restricted view, and
serious accident record Indicates a
need for control by the STOP sign.”

These warrants are broad, perhaps because
at this time objective criteria are not
avaltable to state specltically those con-
ditions under which two-way STOP control Is
warranted, The warrants refer to Mundue
hazard" and "serious accident record;" how=
ever, unlike signal warrants, guidelines to
quantify these variables are not presented.
Although warrant #3 above Is unlikely to
pertain to a low volume Intersection condi-
+lon, any of the four warranting conditions
could exist at the low volume Intersection.
The problem fs one of Interpretation or de-
finition of "need" for a sign based on com-
parative analysis of safety (once defined)
and the economic effect of the device on
operations, '



Multi-wWay STOP Control

The MUTCD warrants for 'STOP
signs are more clearly defined with respect

multi-way

to measurable characteristics, such as ap-
preach traffic volumes, accident occurrence
and vehicle/pedestrian conflict.

way STOP warrants ‘are presented as: follows:

"Any of the following conditions may war-
rant a multi-way STOP sign installation:

(1) whers traffic signals are warranted
and urgently needed, the multi-way
stop is an interim measure that can be
installed quickly to controil fraffic
while arrangements are being made for
the signal instaltation.

(2) An accldent. problem, as indicated by
five or more reporfed accidents of a
type
multi=way stop

susceptible to correction by

instaltations in 2 12-
month perled. Such accidents Include
right- and left=turn '
well as right-angle collisions.

Minlmum traffic volumes:

~.{a) The ftotal vehicular wvolume entering
. the intersection from all
must average at least 500 vehiclas per

approaches

hour for any A hours of -an average .

day, and i
(b) The combinmed vehicular and pedestrian
" volume from the minor street or high-
way must average at least 200" units
per hour for the same 8 hours, with an
average delay 1o minor street vehi-
cular traffic of at least 30 seconds
per’ vehicle during the maximum hour,

but

A{c} When the 85-percentlile approach speed
of the major street traftfic exceeds 40
milas per hour,

The multi=

collisions as. .

the minimum vehicular

10

votume. warrant 1s 70 -percent of the

above requirements.”

Warrant #2 represents probably the only war=

rant appilcable to low volume intersec-

tions.

wenger (3), in a study of 38 intersections
that were changed from two=way to’ four-way
STOP control,
were warranted at relatively balanced vol-
in the range immedlately below that for
This hypothesis was con-
firmed by Hammer in a study of six Cali-
fornla Intersections (4). Syrek {5) showed,
that 1f the wvolumes were unbal-
anced, conversion from two-way to four-way
STOP c¢an cause an increase in accident rate,
Dale (6} concluded in 1966 that tThere was
Yalmost no economic jus+ificafion for 'A-way

concluded that four-way stops

umes
signal warrants.

however,

stop! control? except for unusual situations

above medium volume conditions.
Y1ELD Control

YI1ELD
equally non-specific with respect to traffic
volume conditions.
no Spgcifié quidel ines by which the practic-
ing engineer can objectively assess the need
for installation of a STOP sign or a YIELD

Wwarrants for use of signs are

in sssence, there exist

sign,es opposed to
trol at a low
YIELD sign

Installing no sign con=
intfersaction, The
a compromise device

volume
represents

‘between rule-af-the-road control of right-

of=way assignment and - two-way STOP control,
in that vehicles controlled by it must stop
only when nacessary -to avoid interference
with other ftraffic that is given the right-
of-way. '

"The YIELD sign may be warranted:

’(l) On a minor road at the entrance fo an
is necessary to
assign right-of-way to the major road,
but where a STOP

intfersection where it

is not necessary &t



all times, and where the safe approach
speed con the minor roads exceeds 10
milas per hour.

{2) At any Iintersection where a special
problem exists and where an engineer-
ing study indicates the problem to be
susceptible to correction by use of
the YIELD sign."

It can be assumed that if nelther STOP nor

YIELD coptrol is warranted, It is appro-
priate fo leave the Intersection uncon-
trolled. AASHTO (7) recommends cerfain

sight friangle minimumsy in the absence of

conTrol; based on vehicle operating speeds
in which either or
both conflicting drivers may execute evasive

and assumed distances

maneuvers to avold conflict,
AASHTO recommended sight distances may be
provfded‘]n a rural environment, It may be
economical [y prohibltive to obtaln them 1In
an urban/suburban environment.

1963 sur-
veyed Intersection signing control policies
and .practice on a national scope (8. Many
of these gquidelines.are still being adhered
to by states and municipalities and applled
at low volume Intersectiens.
literature review conducted for the current
project, more than thirty states were con-
tacted regarding their current warrants and
criteria for sfgnlng contrel at low volums
intersections, A tabular synopsis of this
repdr?ed data Is presented in Tables 5 and
6.

Previous research conducted in

Many di fferent warranting systems exlst,
with most conforming to MUTCD standards.
Howaver, a better definition of both "war-
ranted” and "unwarranted" is needed to guide
the appl!ication of signing control at low
volume Intersections,

Low Yolume [ntersection Research

The literature review revealed that four

Although the’

Durlng the .
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research studies have been conducted that

. pertain specifically to the deve[qpmenf of

criteria and warrants for low volume Inter-
section control, The studies Tnclude re-
search by Walton, et. al. (9), Bandyopadhyay

{10}, Hall Q1 1), énd Glennen (2). In addi-
tion to the above, Lleisch (8) Investigated
intersection operations for a variety of
parameters, one of "which was approach

volume.

One of the flrst research efforts directed
specl fleally +to low volume intersection
signing needs was conducted In 1974 as part
of a study tc ldentify signing needs on low
volume roads (9}. NM?m,etah;dw&omd
a set of signing criteria based on a theore-
relationship between operating costs
"prob-

tical
and accldent costs derived from a

ability of conflicts analysls,

A deficlency in Walton's study,from an ap-
pflcation viewpoint, was that It Iacked'field
validation. Some of the assumptions ' that
were necessary In the theoretical analysis,
such as the length of a "conflict interval,”
the actual ratic of accldents per confiict
and the absence of slght distance considera-
Tions,requ]re further evaluation +o incorpo-
rate portions of the study resuifs .Into the

development of criteria.

Bandyopadhyay conducted o study of 53 low
volume Intersections in comparing
safety to operating costs at rural and sub-
three | control

indiana,

urban intersections under
types — two-way STOP, YIELD, and no control
(o). AIThodgh' his study identified para=-
meters that merit further consideratlon for
he for-

incluston fn criteria development,

mulated no specific conclusions regarding
signing criterla for [ow volume Intersec-

tions.

Hall expanded the results of previous re-
search through a study completed in 1977
(11). Using computer slmulation to perform
systems trade-offs among safety, fuel con-
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TABLE 5. STOP Control Application Criteria Other Than Or In Addlfion to MUTCD Criteria

VOLUME

ACCIDENTS

SIGHT DISTANCE
CRITERIA

OTHER
(School, Ped., ctc.)

State of Delaware
State of New York

State of North Dakota

City of Baltimore, M

City of Concord, CA

.Montgomery County,
Mary i and

Major approach ADT greater
than 150 or total ADT
greater than 250,

Major volume exceeds 100vph

Major volume cxceeds 1000
vpd {or 100vph) and minor
volume exceeds 500vpd (or
50vph).

Major volume exceeds 500Gvpd
{or 50vph) and minor volume
exceads 250vpd (or 25vph),
AND/CR :

Two accidents correctable
by STOP within 12 months,

2 in 5 years, AND

2 in 1 year, or 3 in 5
years, AND

4 In 1 year

2 or more within 1 year,
AND/OR

Safe approach speed less
than 24 mph,

Critical approach speed

less than 8 mph.

Less than AASHTO Case

-

Safe approach speed less
than 5 mph.
Safe apbroach speed 5-10

mph,

Safe approach speed
greater than 10 mph.

Critical approach speed
of 10 mph or less.

Critical approach speed
less than 15 mph.

Sight distance along ma-
jor from 35ft back on

Mlnor approaches aT school
crossings. May on major if
more than 2500ft from pre—
vious STOP or YIFLD. May
if minor approach serves
15 or more homes.

Two or more criteria must
be met.

minor Is less than 125¢t
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TABLE 6.

Y1ELD Control ApplicafionlCriTeria Other Than Or In Addition to MUTCD Criteria

VOLUME

ACCIDENTS

SIGHT DISTANCE
CRITERIA

OTHER 7
(School, Ped., efc.)

State of Delaware
State of New York.

State of North Dakota

City of Baltimore, MD

Clty of Concord, CA

Montgomery County, MD

Loss than 150vpd on major
approach AND

Major street 500vpd or (50
vph} peak and minor street
250vpd (or 25vph) peak.

Two or more of correc-
table type In 12 months
(If only STOP warrant

met). .

Cri}ical,appcoach speed
greater than 8 mph,

Greater than AASHTO Case
Il modified for rural

land urban separately,

AND

Critical approach speed
between 15 and 20 mph.

Sight distance. along
major from 35¢t back on
minor is greater than
125¢t.

Minor approach serves 5 or
more homes.

Rural-gravel roads only,
Urban-city streets only,

At intersections where
STOP is not warranted. -

Some control dictated by
geometrics, accidents, or
volumes,




sumptlon, exhaust emlssions, noise and dslay

for various control levels, he ldentifled

the most efficient conftrol type for a gliven,

sat of Intersection conditions. From his
simulations, Hall computed vahicle operating
costs, delay, exhaust emlssions and nolse
for the three control types. He used broad
estimates for the safety effacts of STOP and

YIELD signs (though he found no evldence of
difference)

Hatl concluded that YIELD slign con=
was “the most efficient control for
volumes greater than 200 vehicles per day,
and that no control was most efflclent- below
200 ADT. As with previous studies, Hall dlid
“nat include the actual eftects of sight dls-
tance on control requirements. He assumed
that the absence of recommended sight dis-
tance necessitated STOP control.

costs,
trotl

Tables 7- and 8 present the dependent and
independent variables conslidered by Walton,
Bandyopadhyay, Hall, and Laisch and signifi=-
cant results reported,

Related Research of Merlt

Atthough” the volume of research on low
volume Intersections |s limited, there has
been conslderable’ research on related
toples. In many cases, information deter-
mined from a particular set of conditions
may be readily applicebls to another set,
The followlng topics wlll each be discussed
relative to the pertinent |lterature regard-
Ing the potential effect on safety and econ-
omy at low volume [ntersections,

Contro!l Type

In a (958 study, Kell (12) found that the

Instal latlon of Y|ELD signs at uncontro!led,’

low volume urban Intersections raduced acci-
dents 44 parcent at I3 intersecticns In
Berkelsy, and 52 percent at 30 Seattle In=-
tersections. He also found that when YIELD
control was used on the cross-street ap-

and modifled Walton's expected
accident rates to generate annual accident

14

-Since not all

proaches of nine Intersections of a through .

street, the accidents decreased 46 percent,

while ADT Increased 23 percent. Inwood, et
al, (I3) observéd that there was little
change In accident experlence when STOP
sligns were replaced with YIELD signs, '

Accldent Severify agnd Cost

Several sources ‘have shown that severlty
ot acclidents Is closely tied to speed (14,
5%, Solomon (!4) also points out that
speed dlfferential Is a most prominent fac-
fors ~Since the primary type of low volume
Intersectlon accident that witl be Infiu-
enced by +ybe of control wii! be the right .
angle accldent, the speed differential wlil
be very nearly the approach speed of the '
major ‘roadway. I+ is possible then that

‘5everny of accldents at Iow vqume Inter-

sections may be substantially higher than

"~ that of low volume roadways In general,

Burke {16) showed that accident costs were
directly related to severity, He reported
that the highest accldent rates occurred at:
ADT levels above 400 for all types of acci-

dents (fatal, Injury, bproperty damage}.
Among the most accepted estimates of acci-’
dent costs.are those recommended by the
National Safety Councl! (17): fatal -
$113,500, finjury - 56,200, and property

damage only ~ §570.
Drlver Behavior

Driver behavior relative ta lintersection
type and the effect of various signing tech--
nlques have been Investigated by several re—
searchers. Numerous studies of driver com-
pliance with STOP control have been con-
ducted since 1931, A summary of the résults
of these studles ls presanted in Table 9.
used the
methodalogy I'n comparing forced stops and
votuntary stops, the fwo have been lumped
together. The voluntary stop.-rate must al-
ways be equal to or lower than the total

researchars same



Table 7., Dependent Variables Consldered in Previous Research
Dependent Ressarch Study
variable Malton (9) Bandyopadhyay (10} Hall (41 Leisch (8)
Accident Theoretical Statistical Theoretical Accidents
Frequency estimates transformation astimates par MEV
Accident Theoretical Primary PDO; not Theoretical -
Severity estimates - considered further estimates
' 4
Conflicts: Used "probability —-- Used "probabi- -
of conflict" to Ity of con- )
estimate accidents flicts" to esti-
mate acclidents
Delay - - Compared actual |[Did not
: and theoretical account for
travel time natural
slowing
Travel - Primary dependent variable |Used to estimate |Used +o
Time" compared for dlfferent delay éstimate -
contro! types delay
Fuel - - Only operating -

Consumption

cost considered

Exhaust - - Found no signi- --
Emissions ficant impacts
S?gn Cost Considered in’ - - -

economic analysis

Violations

Showed eof fect on travel

Time
Total
Operating Vehicle only; - - —_—
Cost nc delay
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Table 8. I'ndependent Variables Con;idered in Previous Research

Research Stugy

Independent
Variable Walton (9) Bandyopadhyay (10) Hall (11) Leisch (8)
ADT Up to 400 vpd each - In guidelines Not
roadway : only restricted to
low volume
ADT ratio Ratio of 1:1 pro- - - No signifi-
duces highest theo- cant rela-
retical confllct ships
Hour ly - Controlled variable Simulated for Significant
Valume major volume up |effect on
to 50 vph delay
Approach Used to estimate Controlled varlable Unstated Significant
Speed accident severify : | effect on
C deiay and
accidents
Turning - Significant effect on - Significant
Movements travel time effect of
left turn on
delay
Goometry - Mostly 4-leg; 3-leg for - Only 4-leg
' No Contrgl studied
Sight - - - Used safe
Distance approach
speed
Region -- - -- Significant
ef fact on
delay and
accidents
Locatlon Ostensibly rural - - {Urban only
Control 5TCP/No Control STOP/Y | ELD/No Control STOP/Y | ELD/No STOP/Y 1 ELD
Type Control

16




TABLE 9. Summary of Previous Research on Driver Behavior at STOP Signs

Morrison Fisher Eliot Hanson Leisch Beaubien Dyar
Category (1931) (1935)° (1935) . ] (1960} (1963) (1976) (s77)
Full Stops 47% 45% " 38¢ 20% S 17g 22% 12% .
Partlal Violation 42% 34% 423 69% 69% 488 - 60%
(Rolling Stop)
Full Vielation 1% 2i% 20% 1g . 142 30% 28%
{(No Stop} :

Source: Ref, (23)
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rate shown in the table. Therefore, the ap-
parent steady decline in voluntary stop rate
indicates that the liberal use of STOP signs
has produced increasingly signiflcant dis-
respect,

Tratfic Characteristics

Walton- (8), Hall (11), and Glennon (2),
all based signing criteria in part on com
bined ADT, The usefulness of a measure such

as combined ADT is cast somewhat into doubt
by a Californla study (18) that showed no
direct relation between accldent rates and

the sum of éﬁfering volume, That study

showed ‘that accident rates were much more

sensitive to minor road volume changes than
[+ should be‘poinfed
out that the conclusions of the California
study may not be valid for low volume inter-
sections because the volumes considered were
vary high and the locations were on divided
highways.

to major road voluries.

Intersection Geometry

In a California study of 660 Iintersec~
‘+ions, Marks (19) reported that uncontrolled
four-leg Intersections exhibited 14 times
the accident frequency of uncontrolled
three-lags in limited access subdivisions
and 41 times that of 3lags In gridiron sub-
divisions.
that the geometric advantage of the 3-leg
Intersection with respect to acclident rate

was more pronounced at high volume loca-
Tions.
Four-leg intersections were found to ex-

perlence four times +the accident freguency

of T- and Y-types in a study on Indiana
county roads (21). A detalled study of
two-lans rural roads by Raff {(22) showed

that 3-leq Intersections had lowsr accident

rates than 4-leq,

A Minnesota study (20) showed:

PREL IMINARY CRITERIA

The criteria development process identi-
fled al! the variables that should be con-
sldered for inclusion In the criteria.
These variables Included not only those
specifically studied in research
but also any variable that may have shown
some fendency to affect
tion, Table IC shows the variables that
formed the preliminary criteria.

previous

intersection opera-

Dependent Varlables

The candidate dependent varliables studied
are grouped according to the assessment that

can be made from constituent variables,

- Driver behavior varlables can provide an in-~
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dication of +the operating characteristics
assoclated with a given set of independent
variables. Accident experience indicates
the effect of the independent variables on
the relative level of hazard. Travel
variables form the primary means of assess-

ing delay costs.

time

related to
fnclude only

Forced stops are primerily
that they

those stops resulting from

major volume, In
inadequate gaps
roadway stream. Voluntary

slow en*ries and fast entries to-

in the major
stops,
gether provide an Indlcation of the drivers!
perception of *+he appropriate manauver as
well as thelr respect for the control davice
{primarily STOP signs). High confllict rates
may give an Indlcation of potential hazard.

Accldents per Intersection is the most
common - form of expressing acclident experi-
Since total Ikely *o
be low, and therefore, accident rate poten-
tially parcent of
tions experiencing accidents may be more
The latter variable permits the
pooling of all infersections with
characteristics to provide a larger and more

ence, accidents are

inconclusive, intersec—
meanfngful,
similar
evalua=-

stabte accident size for

tions,

sample



Table 10, Candidate Variables Studied

Oependent Varlables

Independent Varlables

Driver Behavior
Ferced Stops
Voluntary Stops
Slow Entries .
Fast Entfries
Confllicts

Acclident Experlence

Control Type
Intersection Type
Regton

Location

Major Rocad Yoluma
Minor Road Volume
Approach Sbeed
Sight Dlstance

Accldents Per I[ntersection

Intersections with
Severity

Travel Time

Accidents

3-Leg Intersections
4-Leg Intersecticns

Turning Movements
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time between control
types provides a basis for estimating rela-
tive operating costs,

Differences in travel

Travel time for 3-leg

and 4-leg Intersections are separated be-
‘cause the latter includes a *hrough move-
ment. The effects of geometry on travel

time can be analyzed by comparing the turn-
ing movement travel time for bath 3-teg and
4-leqg intersections.

Independent Variables

Yirtually all varlables identifled in pre--

vious research are included.

The contrelled variables include:

Control type (STOP, YIELD, No Contfrol,)
Intersection type (3-leg, 4-leg),
Region (Northeast, South, West), and
Lacation (Urban/Rurall,

® & o "

The remaining variables are measured on
site. Due to the many possible combinations
of sight distance and
single measure ot this complex
Is used. A quadrant sight distance ratio
patterned cleosely after that of Lavette, et
ale. (24), is used as the composite variable,
Though assessing the
need at grade’ crossings, the
quadrant sight distance ratio Is a wvalid
concept for This

approach speed, a
interaction

used originally for
for control

low volume intersections,
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value Is the ratio of the quadrant sight
distance avallable over the quadrant sight
distance desirable based upon AASHTO sight
triangle criteria for Intersections, This
ratio produces a dimensioniess indicator of
the relative sight distance afforded at an
Intersection (Figure 1), The combination of
the quadrant sight distance ratic of both
quadrants on sach approach produces an ap-

proach sight distance ratio.
NEEDED QUANTIFICATION OF VAR|ABLES

The fo!leowing describes ‘those variables
that require  further gquantification.  Afl

. valldations were made within the appropriate

framework of control intersecticon

type, region and

type,
location,

e Major PRoadway Volume — Representative
volumes were -sought without upper
bounds, The bulk of the major volumes

are below 4,000 vpd, with the remainder
{about 20%) extending up to (3,000 vehl-
cles per day.: ‘ .

s Minor Roadﬁay Volume - Yolumes up to 500
vpd were analyzed.

® Approach Speed - Approach speeds from 20
to 60 mph (32 to 96 km/h}
sidered, 'as pretliminary speed sampling
had shown to be typical,

e Sight Distance = All tlevals
distance were conslidered.

ware con=

of "sight



Le

, - o . Major
‘ . Roadway

Obstruction

BDES and AREQ based on AASHTO recommen@ed

Vehicle A criteria (Ref.-7, D. 394)

Quadrant Sight Distance Ratio (QSDR) = EBEAIL
| Minor , ' - | o - Poe:
Roadway ' 7 | -

| : ' QSDRMAX =1.0

Approach Sight Distance Ratio (ASDR) = QSDR1 + QSDR;

VASDRMAX = 1T0 +1.0=2.0

Figure 1.~ ‘Description:of (uadrant Sight Distance Ratio.



CHAPTER 3: FIELD VALIDATION

EXPERIMENTAL PLAN

There were two phases involved in the ex-
perimental plan for validation of the traf-
fic parameters used to establish the level

of control for low volume Interssections,
The first phase (screening study) utilized
historical records fto investigate several
different levels ‘of control type, major road

volume {vpd) and minor road volume (vpd),
SCREENING STUDIES

inter-
sections was examined and the data cast into
a 5 x 5 matrix of major velume and minor
volume ranges by control type. A row-by-row
and column-by-column analysis was made %o
determine where there were significant dif-
ferences in acclident rate. These changes or
"hreakpoints" identlified +those conditions
under which a change in control type could
pofenfially be made. The final determina-
tion of whether such conditions permit a re-

Accident experience at low volume

duction in level of control was dependent on
whether there was a significant difference
.in accident rate between the two contro!

types,

Initially, the study was ‘o proceed by ac-
cumutating acclident data from the intersec-
tions located in Texas. While thls effort
was underway, two other states were to be
located that could provide similar
tion,

informa-

After several months 1t became ap-
parent that the type of informaflon needed

was difficult to obtain,
Problems Encountered

Two primary difficulities arcse in collect-
ing the screening study data--lack of ade-
quate control type and volume records for
low volume intersections, and scarcity of
YIELD and No Control sites. Few agencies
rodTineiy malntain fraffic volume records
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intersections.
englneers'

for low volume
local traffic :
normal ly used for selecting sites that were
almost assuredly low volume., Control
inventories were more readily available, but

Therefore,
guidance = was

device

often somewhat inaccurate and without
Information on No Control locations,
On-site Inspection of the suspected low
volume intersections was performed to

Identify control type.

In addition to the lack of usable record
systems there was an' evident reluctance o
use 3 lower form of control. ©On most state -
systems the preferred control was the STOF
sign, regardless of wvolume. YIELD control
appeared *c be reserved for use on ramps and
some turning roadways.

YIELD and Mo Control were more common in
urban areas. 1t appearéd that, with the
high concentration of STOP signs
areas,
alternative when a stop was not always

in urban
traftic engineers were sesking some

necessary.

YIELD and No Cén?rol intersections occur
primarily in about five cells In the 25=cell
matrix, No Control was found at the inter=-
sactions of local streets, In urban areas,
alter-

‘always

traffic engineers were seeking some

native when a stop was not

necessary.

YIELD and No Control
primarily In about five cells In the 25-cell

intersections occur

matrix. No Control was found at the Inter-
sections of local streets, In urban areas
YIELD control was found most often at the

Intersections of a local street and a col-

[ector street,

Screening Study Findings

the difficulties encoun-
it was mutu-

As a result of
tered in obtaining information,



ally agreed (by FHWA and TT!} fo modify the
screening study approach. The majority of
the offort was concentrated on collecting
approprliate data from
Texas. This effort included a manual search
of accident files, visual Inspection. of in-
tersections to ascertain control type and,in
soms casas,measuring daily frafflc volumes.
In +his manner data from more than two thou~
sand intersecticns were <collected and
analyzed. The findings based on Texas data
suggested that, analyzed by control
type, accident exper ience appeared to be in-
dependent of major road volume, When minor
road 'volume was consldered, accident experi=
ence | across control types appeared tao be
simllare There was an In accident
experience around 300 vpd that continuad o
200 vpd. ’

intersections ' in

when

increase

-Addltional analyses indicated that the
lowest accldent experlence occurred in minor
road volume cells below 250 vpd. The acci-
dent flgures were still further -reduced by
restricting the major road volume to (500
vpd (Table 11).

Although thess findings were of Interest,

they had to be tempered with several con~
sliderations. The problem of identifying
urban - Y|ELD~controlled intersections in

higher volume ranges and flnding rural un-
controlled - and YJELD intersections con-
analysas and restricted the
There was also & question of

strained the
conclusions,
accuracy. of volume measurements,particularly
on the minor road counts. The third con-
,Sideratlon. Is. the possiblity of an undocu-
mented change of control type which could
present a distorted accldent plctures
Because of these data limitations, no de-
finite volume criterion was lmposed for the
on-site fiaeld studies.
bound remained at 300 vpd,with no restrlc-
tions placed on the majcr road.

The minor road upper

The low acclident experlence observed over-
al'l In the Texas data suggested that the
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ecanomics of safety factors would not con-
stitute a driving function in signing war-
rant criteria. Consequently, the on-site
field studies concentrated on other aspects
of trafflic behavior.

ON=SITE FIELD STUDIES

Field Investigations were conducted in
Texas, Florida, and New York. These states
were chosen because they are geographically
representative of the western, .southeastern
and northeastern sectlons, ot the country.
Further, the tfraffic, roadway and..accident:
records malntalned by these states are among
the most complete of all the states sur-
veyed, A list of the counties and cities in

‘which studies were conducted is given in

Table 12.

The field study of the nine counties and
" in Texas was® conducted in
Ten intersectlons ﬁn eéach of
categories

two urban areas
November 1979,
the six {ocation/contro!
surveyed,

waere

The Florida studies (one county and two
citias) were conducted in January 1980. No
rural YIELD or rural No Control were found
In the locations surveyed. The number of
infersections studied In each remaining
group were: urban STOP - 8, urban YIELD -
16, urban No Control - B8, STOP -
8. The only other significant problem en-
countereg was the extremely low volumes ob-:
served at the rural STOP locations. Thesa
small sample slizes tended to magnify the
problems of data interpretation.

and rural

The New York studies were conducted in May
1980. Forty Intersections {eight each at
rural STOP, rural YIELD, rural No Control,
and urban No ConTroi, and four each at urban
STOP and urban YIELD) were examined
counties and one clty,

in three

Field Site Selection

As mentioned previously, Individual Inter-



TABLE 11. Accident Experience by Contrel Type and
Major and Minor Read Velumes for Texas

Intersections.

Rural 'STOP
-Minor Yolume
0 - 225 226 - 500
Major Volume
104 138 242
0 - 1560 - 7 6,73 33 23,91 40 16,53
' 7 L0673 50 . 3623 57 +2355
233 273 506
1501 - 26 1.16 64 23.44 90  17.79
4500 29 . 1245 i1 L4066 140 L2768
SRR 337 411 748
33 9,79 97 23.60 130 17.38.
36 . 1068 161 © 3917 197 .2634

Rura! No Control
Minor Volume

LEGEND:
00
1 12
21 22

00 = Number of Inter-
sections

[1 = Number of Inter-
sections having
at least cne
accident In 3
years.

21 - Number of acci-

dents In 3 yrs.

|2 - Percent (%) of
" intersections
having accldents
In three years,

22 - Average accldents
" per Intersection.

. 0 - 225 226 - 500
Major Volume o
140 6 146 i
0 - 1500 3 3.57 0 0 5 3.42
) 0357 0 Q 5 . 0342
. 5 - 5
1501 - 0 0 - 0 ¢
4500 Q 0 = 0 0
145 6 151
5 3.45 o] .0 5 3.31
5 .0345 0 4 5 L0331
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TABLE 11 (Continued)

Accident Experience by Confro! Type and
Major and Minor Road Volumes. for Texas

Intersections

LEGEND:
o0
1 12
21 22
Number of Inter-

00 -~

21 -

22 -

v—sec+i9n5

Number of |Inter-
sections having
at least one
accident in 3
years,

Number of acci=
dents in 3 yrs,

Percent (%) of
" intersections

having accidents
In three years.

Average accldents
per intersection.

Urban STOP
) Minor VYolume
0 - 225 226 - 500
Major Volume
88 63 151
g - 1500 12 13.64 16 25,38 28 18.54
: 16 1818 25 .3968 41 2715
122 128. _ ' 250
1501 = 28 22.95 . 44 . 34.38 72 28.80
4500 40 L3279 - 90 . 7031 130 520
210 - 191 : 401
40 19.05 60 3,41 100 24.94
36 2667 15 L6021 171 4264
*Urban YIELD
‘Minar VYotume
. - 225 226 - 500
Major Volume
1N 126 237
g -~ 1500 18 16,22 26 20.63 44 {8.56
22 + 1982 32 .2539 54 .2278
7 29 36
1501 - 0 0 3 10,34 3 17.79
4500 Y 0 3 ~ .1034 3 .0833
118 155 273 L
8 15,25 29 18,71 47 17.22
22 . 1864 35 .2258 57 .2088
Urban No Conitrol
Minor VYolume
0 - 225 226 - 500
Major Volume
308 55 363
¢ ~ 1500 10 3425 7 12473 17 4.68
10 20325 9 . 1636 19 20523
69 | ‘ . 15 84
1501 - 12 17.39 3 2040 £S5 17.86
4500 19 L2754 6 0,40 25 2976
377 10 147
22 5.84 10 14,28 32 7.16
29 0769 15 L2143 44 .0984
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Table 12. Field Study Sites

Urban (Cities) Rura! (Counties)
Texas . Bryan/Col lega Station Bell
San Antonlo Brazos
Bur leson
Leon
Mclennon
Madison
Hitam
Mentgomery
Walker
Florida Orfando ' " Hillsborough
Tampa
New York Albany Albany

Rensselear
Schenectady
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selection was based on -minor- road
Prior fo the dis-
intersection
data, a senior project staff member investi-

section
volume and- control type,.
pensing of a crew Yo collect

. 'gated. each of the proposed sites to evaluate

its suitability, Individual field crew

supervisors had the authority to reject any

previously approved intersection If for some
longer met the necessary cri-
type,

low to obtain a

reason It no
teria (e.9., recent change in control
volume on minor road too

reasonable sample, etc.).
Data Collection Procedure

Field data collection began with the mea-
surement of ;
along each approach and quadrant according
to current AASHTO sight distance criteria.
Next, approach speeds were recorded at +the
Ilmit of the radar equipment pulse range for
all approaches. These speeds were used to
calculate the desirable sight distances for
each quadrant. The ratio between the two
s5ight distances then served as the compara-

the sight distance avaflable

tive measure.

Cperational cost for an Iintersection of
designated volume and control type was veri-
fied by the measurement of travel
This travel time measurement was the time
required to travel from 150 feet {45 m) up-
stream of the intersection on the entering
minor Jeq fo 150 feet (45 m) beyond the in—
tersection on a departing leg

times.

(major or

minor}. intersection geometry (affecting
proportion of turns}, as well as control
type, could fIntluence delay. Therefore,

turning movements were noted.

Based upon the number of sites and volume
ranges to be studied,
hours study time,or one hundred vehlcles on
the low volume approach,was established for
fiald study guidellines. Radar eguipment was
used only +o measure approach speed at the
maximum range of the radar. Therefore, no
vehlcle operator would see the eguipment,
thereby biasing the results.

a maximum of four
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Fiefd Study Analysis Variables.

Following [s a description of the perti-
nent variables considered in the field vali=

dation.
Dependent Yariables

1« Driver Behavior

a) Forced Stop (FS) - vehicle on minor
approach forced to stop because of
vehlcle approaching on major
Way.

b) Voluntary Stop (VS)* - vehicle on
minor approach stops in absence of
oncoming traffic, '

c) Slow Entry (SE)* - siowing or "roll-
ing stop," I less than 5 mph
(8 km/h) for minor ap-
proach leg.

d) Fast Entry (FE)* = vehicle on minor
approach ]eg>en*ers the Intersection
at speead greater than 5 mph
{8 km/h).

o) Conflict (CF) - vehicle entering the
intersectlion from mlinor approach
causes vehicle on major approach to
decelerate, apply brakes or swerve.

road-

speed

vehicle on

*Note that b, ¢, and d are measures taken In
the absence of oncoming major road traffic.

"2. ‘Accident Experiencs

a) Average number of accidents per In-

‘ In a three year period.

b) Intersections wlth accidents In a
three year period.

tersection

3. Travel Time

a) Mean travel time for 3-leg intersec-
tions,

b) Mean travel time for 4-leq Iintersec-
tions,

c) Mean travel time for turning move-
ments (3- and 4-leg intersectons).

Independant Variables

1. Region - Texas, Florida or New York



2,
3.
L

Location - Rural or Urban

Goometry - 3- or 4-leg

Signing = STOP, YIELD or No Contraol,
Major Roadway Volume = grouped In 1000
vpd increments. This variable was not
used in the analysis of Voluntary Stop,
Slow Enfry and Fast Entry because these

measures are Independent of volume.
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Where' necessary for clarification of dit-
ferences found, the foltowing variable was
used: '

6, Sight.Distance = The ratio of sight dis-
tance available to that required
(AASHTO}.



CHAPTER 4: “£1ELD DATA ANALYSIS

INTRODUCT I ON

The data collection constraints and the
Tow achdenf'expar{ehca prompted representa=
tives of FHWA and TTl to revise *he sxperl-
mental plan, Instead of using accldents to
define voluma "breakpolnts" and to lidentify
Intersections for subsequent de-~
talled study, intersections were selscted
with a single volume crlterion, l.e., less
than 500 vpd on the mlner approach. This
volume Is analogous to the low volume road-
way definltion general!ly accepted by the
traffic engineering professlon, Accldent
experience then was used as another dspen-
dent measure rather than as a screenling
variab]e.

specliflc

The overall objectlves of "the project re~
mained the same: +o devalop and validate
crife?la for the use of two-way STOP sligns,
YIELD slgns, or No Control at (ow volume I(n-
tarsections. In order to satisfy these ob-
jectives, data were collected to aznswer the
following questions: |

Primary

le Are there significant differences in
operational behavior among STOP, YIELD

and No Control low volume Intersec-
tlonst '
Anc[llarx'

2. Are there operational differences at

Intersections located In

low wvolume
dlfferent geographlc reglons?

3, Are ‘fhere cparational differences be- -

tween urban and rural low volume Inter-
sections? '

4. Are there cperational dlifferences be—
tween Iintersections of different geo-
metrics {3-leg/d=leg}?
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5, Are there operational differences that
can be expiained by consideration of
major road volume?

Addressing these questions would allow de-
Térmlnafion ot ‘the operational characteris-
tics of
turn,would allow decisions to bs made about

criteria for signing these Infersectlons,

low volume  Intersections which, Tn

Procedures

The primary method of analysié was analy-
sis of variance (ANOYA),which was taken from
the Statistical Analysis System, Verslon.
79.3 {SAS793) produced By SAS lﬁsflfufe,
The procedure emp!oyéd was a général
(GLM), which Is & multiple re-
gression approach to ANOVA, Thls approach
1s used because It can bandle the case of
unequal cell frequencles without viotating
the ANOVA assumption of Independence of
variables. This Is accomplished by adjust-
ing tha propertion of vartance attributed to
a tactor for the correlation of the factor
wlth ail other factors in the design. How-
ever, this approach does Introduce a problem
with thls data. Higher order Iinteractions
(three-way and above) require the manipula-
tlon of cells that may not have had data
collected for them. For this reason,all of
these interactions have been lumped together
and tested as Higher Interactions. In
general, *this does not affect the tests of
the maln effects or the two-way Interac-
tions. However, two dlifficultles were en-
countered. Flrst, for the Iﬁdepehdenf vari-
able of major road volume, the use of six
1000 vpd per leva!l}
caused a breakdown of the GLM procedurs be=
cause of the large number of missing cells,
To overcome this difficulty, *+wo
major road velume were used (< 2000 vpd and
> 2000 vpd). These
chosen based on oxperlence wlth Taexas accl-
dont data and with analysis atfempts using

Inc,
Ilnear model

levels (increments of

lavels of

volume ranges were



the original six levels, Where major road
volume was a primary factor, additiona! in-
formation Is presented for +the original

volume levals,’

The seacond problem encountered was the ab-
sence of conflicts,
dependent variable, so few were actually ob-
served that it was deleted from the analysis
section,
general information in Tables 24, 25, and
26, ‘

The following three sectlons are organized
around the three broad categories of depen-
dent (Driver Bebavior, .Accldent
Experience and Travel Time).
describes the specific dependent variable,
the ana!ysis procedure; the results, the
findings and presents comments on the data.

variables
Fach section

DRIVER BEHAVIOR

General Comments .

The hypothesis fested was that the driving
behavior at low volume
the same regardless of The type of traffic
control device, geometry, reglon
or major road volume. Since the primary
method of comparison was analysis of vari-
ance, frequencles of vehicles in each depen-
dent wvariable category were converted to
rates. The basis for the computation of
rates for each variable is given in its res-

intersections remalns

location,

pective section,

For those Intersections whers five or
fewer vehicles were observed, the rates com-
puted were probably spuricus and nonrepre-
sentative. In most analyses these rates
were averaged with enough Intersections to
impact. However,
cases, these spuriocus rates

somewhat. distorted plcture when the analysis

minimize their in cartaln

presented a

of variance was performed,

Although scheduled as a

Conflict rates are presenTed‘foE

Forced Stop Rate
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1,

3.

. road volume and FSR for atll

Speciflc Dependent Variable

Forced Stop Rate (FSR) = Number of ve-
hicles forced to stop divided by the
total number of vehicles. (N} observed
on the minor approaches,

A

N

Analysis Proceduras

Analyéls of Yariance
Correlation/Regression’

Results

The results of the analysis'indléafe
signiflcant differences among: Reglons
and between Major Volume ranges when
considering the dependent variable of
Forced Stop Rate (Table 13},
was also a sfgnifléanf interaction be-
tween Reglon and Location. The méan
rates for each level of these variables
are presented in Table 14,

" There

Comments

These findings are not unexpected.
The number of vehicles forced to stop
at an intersection s dependenf on the
This is

0,51
ma jor

volumea on the major approach.
supported by the correlation of
That was obsserved between actual
Intersec-

- tions {Table 15), Although oniy two
volume ranges could be wused In the
analysls, eoxamlpation of major road

volume by 1000 vpd groups provides ad-

ditional evidence that as major road
volume increases, Forced Stop Rate in~

creases (Flgure 2j,



Table 13. ANOVA Using The Dependsnt Varlable of Forced Stop Rats (FSR),

N

Source DF Sum of Squares F-value PR>F
Reglon 2 .1266 3.23 " L0431
Locatlon 1 L0055 .28 .59
Control 2 L1118 2,86 .06
Geometry 1 .0078 : 0.40 .53
Major Volume ! 5152 26,31 - +0001
Reg x Loc 2 V1841 4,70 L0109
Reg x Cont 4 01723 2,20 .07
Reg x Geo 2 0117 ‘ 0.30 .74
Reg .x MVol 2 +0569 L 1,85 24
Loc x Cont 2 0023 © 0,06 .94
Loc x Geo 1 L0001 0. 01 .93
Loc x MVol 1 L0006 0,03 ,86
Cont x Geo 2 .0074 0,19 .83
Cont x MVol 2 .1046 2.67 .07
Geo x Mval o .0143 0.73 . .39
Mode! 2 1.3212 2.587

CError ' 13 2.2196
RZ - = 0.3731
Cu¥. = 75.5828
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Table 14. Signlficant Maln Effects and Interactions:
Mean Forced Stop Rate {FSR)

Region Mean FSR
New York 322 (40)*
Texas +138 (60}
Florida <117 (40}

Major Yolume ' '
<2000 (vpd) _ - .079 (91}
> 2000 {vpd) 4382 (49)

Location Region‘ o Megan FSR

‘ New York 419 (186)

“ Urban Texas - W157 (30}

S Florida +058 (32)

. New York . 257 (24}

Rurai ‘ Texas .120 (30)
’ Florida 352 (8)

*Number of Intersectlons observed

Table 15. Distributon of All In+efsec+lons By Major Approach Votume and
Contrel Type,.

Major Approach Predicted . Frequency of Control Type
Nolume (vpd) FSR* . STOP Y1ELD No Control
1,000 - CoL146 22 3 25
2,000 67 5 4 4
3,000 ‘ .188 7 5 2
4,000 .209 5 1 3
5,000 230 3 1
6,000 «251 1 3
7,000 $272 1 1 1
8,000 2293 1
9,000 314 2 !
10,000 .335 '
>10,000 2 3 7

*Based on a regresston FSR = Q,000021 (ADT) + .1249 with an r = 0.5]
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Reglona! ditferences observed in FSR can
also be attributed to major road volume,
The average major road volume at intersec-
tions studied in New York was 7500 wvehicles
per day (vpd), for Texas 1427 vpd, and 492
vpd for Florida. '

Urban intersections tend to have higher
major road volumes than rural (3245 vpd vs.
2455 vpd) which, when combined with reglonal
varlations , contributes to the different
rates found in the significant intsraction,

Voluntary Stop Rate
1. Specific Dependent VYariable

Voluntary Stop Rate (VSR) = Number of
vehlctes which voluntarily stop divided
by the difference botwean the total
number of vehicles (N) and those forced
to stop by oncoming traffic (FS).

Vs
VSR = ——
.~ N-FS

2. Analysis Procedure

Analysis of Variance
Corfelafion/Regresslon

3. Results

The results of fthe analysis of variance
indicate a signlficant difference among
Regien and Location (urban/rural),using
VSR as a dependent measure, Thess were
also significent interactions between
Region and Location and Region and Geo-
metry (Table 16}, The mean rates for
these findings are presented in Table
17,

4, Comments

Fxamination of these means suggests a
vary law VSR for the New York region,
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particulariy In the urban area, |+

should also be noted that there is an
unexpectedly high rate in rural
Florida. This rate was in all liketi=

hood caused by a sampling artifact.
The raw data presentad in Appendix A
shows that, at these intersections, a
low number of vehiclas were cbsarved,
causing the rates fo be high and prob-
ably nonrepresenfative. This sampling
and conversion artifact:
throughout the analyses. In cases
other +han rural Fflorida défa, its
eftect was reduced by observing more
ipfersec+ions. ‘ '

occurs

Aside from these anomalies, the rate
of vehicles voluntarily stopping at in-

-tersecfions is low, usua!ly less than

17%, Although slgnificant difference
was -found among reglons,and‘tocafions,
there were no differences among the twe
other major  independent variébles.
However, thers are still fluctuations
in the voluntary stopping rates, For
example, the stopping rates for STOP-
controlled intersections were found to
be about 10§ higher than YIELD or No
Control intersections. This difference
could be attributable to the sign, to
sampling aET{facfs, or it could be due
in part to sight distance restric-
tions, '

IT would be expected that intersec-
tions with restricted sight distances
would have greater voluntary stopping.
Further it could be expected that in-
tersections with sight distance re-
strictions would be more likely to be
STOP-control led, :

The examination of the effects of sight
distance as an independent variable re-
quired the computation of sight dis-
tance (3D) réfios (measured SD avail-
able/SD required by AASHTO) for each
approach. Fach quadrant was limited to
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115.9371

TABLE 16. ANOVA Using The Dependent Variable of VYoluntary Stop Rate
(VSR). ‘
Source’ DF Sum of Squares F-Valus PR>F
Reglon 2 «5972 16.81 +Q001
Location 1 3105 17,48 0001
- Control 2. .0028 .08 92
Geometry o 0163 v92 .33
Reg x Loc 2 9152 25.76 .0001
Reg x Cont 4 0939 .32 .26
Reg x Geo 2 L1429 4,02 0204
Loc x Cont 2 0066 0.9 .82
Loc x Beo 1 .0180 1.02 L3
Cont x Gao 2 L0728 2.05. W13
Model 19° 2.1762 6.44
Error 120° 2.1315
RZ = ,505
Cu¥. =
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Table 17. Significant Main Effects and interactions:

Mean Yoluntary Stop Rate (VSR)

Region
New York
Texas
Florida
Location
Urban
Rural
Location - Reglon
o New York
Urban ‘ . Texas
Florida
New Yark
Rural Texas
Florlda
Geomefrz- ' Reglan
. . ' New York
3-Leg i - “Texas
Florida
New York
4-Leg . Texas
Florida

Mean
,026
.15
.202

.100
132

Mean
003
«158
094

081

.072
634

.024

076

217

«035
2214
«180

VSR
(ag)*
(60)
(40)

(78)
(62)

VSR
(16)
(30).

{32}

(24)
(30}
(8)

(34)
(43)
(24)

(6)
an
(16l

¥tjumber of Intersections observed
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a maximum ratiec of 1.00 (i.e., sight
distance available > sight distance re-
quired). The ratios for the two quad-
rants on each miner approach were com=
bined to produce the approach SD ratics
and 3-leg intersections would have onty
one. The dependent variable of volun-
tary stop rate was used in a regression
analysis to determine if the relation-
ship was in the expected direcTIon’and
tc determine the 'strength of the rela-

ticnship, The ‘resu!ts indicated "very:
poor relationship between the two vari-

ables (r = -,126}.

Further, a chi=squared test performed
on the dlstributions of intersactions
by control type and sight distance did
not support the supposition that STOP
signs aré placed where avallable sight
distance was poor (Table 18},

Apparently, the fluctuation In VSR
for signing is due to the effects of
the control type and, to some extent,
sampling error,

Slow Entry Rate
1. Séecif§c~Dgpendepf variable
Slow Entry Rate (SER) - Vehlcles en-
tering the Intersection at less than 5
mph {8 km/h} divided by the difference
between the total number of vehicles

(N) and those ferced to stop by on-
coming traffic (FS).

SE
SER =z —
N-F5

2. Analysis Procedure

Analyslis of Variance

3, Results

The results of the analysis Indlicate

a significant main effect for Location
and a significant interaction between
Reglon and Locatlion (Table 19). The
mean rates are presented in Table 20,

4, Comments

Thaese resuits are, to some extent, a
consequence of the sampling artitact
previously discussed and of the some-
what subjectivé nature of discriminat-
Ing between slow and fast entering ve-
hicles.

Fast Entry Rate

| Sﬁecific Dependent VYariable

4!
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Fast Entry Rate (FER) - Vehicles .en-
tering the intersection at greater than
5 mph (8 km/h) divided by -the dif=-
ference between the tota! number of ve-
hicles {N) and those forced to stop. by
oncoming tratfic (FS).:

FE
FER = ——
N=FS

2. Analysis Procedure

Analysis of Varlance

3, Results

The analysis wusing this dependent
measure indicated a significant dif=
ference among Regions and a significant
interaction between Region and Location
{Table 21), The mean rates for these
variables are given in Table 22,

Commants

Fast entry rates are based on the re-
mainder of vehlcles that did not volun-



TABLE 18, Chl-Squared Test of Frequency of Approaches by Control

Type and Sight Distance for AASHTC Case IV Slight Dlstance.,

Control }
Type 0 - .5 ].531 - |.0 1.0l = 1.5 1,51+
STOP 8 26 16 9 69
. . ) i X 2obs
YIELD 7 27 |7 11 62
X 2,95
No Control Fl 14 16 7 48
36 67 49 27 i79

6,902

= 12,59
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TABLE 19~ ANOVA Using The Dependent .Variable of Slow Entry Rate (SER).

Source DF Sum of Squares F-value PR>F
Region. 2 L1370 : 1.84 S W18
Location 1 . 158V . 4,24 © 40415,
Control 2 .0389 0,52 489
Geometry 1 0646 1,74 e l9
Reg x Loc 2 2319 z 3,11 - J0480" -
Rag % Cont 4 TL1752 1,18 W32
Reg x Geo 2 v L0164 T 0.22 80
Loc x Cont 2 0771 . 1.04 ©W35 L
Loc x Geo 1 20008 0.02 BT
Cont x Geo 2 20644 0.86 .42
Mode| 19 * L9644 L6 :
Error 120 4,4745 = -
| rR2 = 1773 ' : b
] CuVe .= 25,6692 .

TABLE 20, Significent Main Effects and Interactions::
: Mean Slow Entry Rate (SER)

Location Maan SER
Urban 776 (78)% .
Rural ' 720 (62) -

Location Region Mean SER

New York C.744 (16)

Urban ‘ Texas C 786 (30)

Florida .784 (32)

. . New York - <751 (24)

Rural = Texas o : .759 (30)
Florida 482 (8)

*Number of intersectlons observed
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TABLE 21, ANOYA Using The Dependent Varlable of Fast Enfry Rate (FER),

Source of.
Reglon 2
Location 1
Control 2
Geometry 1
Reg x Lec 2
Reg x Cont 4
Reg x Geo 2
Lec x Cont 2
Loc x Geo H
Cont x Geo 2
Mode | 19
Error 120
RZ = ,1B44

C.¥Y. = 106.1263

Sum of Squarss

F-Yalue PR>F

22641 5.59 .0048
L0011 0.05 .82
.0376 0.80 .45
.0011 0.05 .82
1937 4.10 .0189
.0624 0.66 . .62
L0115 0.24 .78

. 40648 1.37 .25
.0032 0.14 .71
40017 0.04 .96
6412 1,428

2.8347

Table 22. Signlficant Main Effects and Interactlons:
Mean Fast Entry Rate (FER)

t

Region

New York
Toxas
Florida

Location

Urban

Rural

Ragion

New York
Texas
Florida

New Yark
Texas
Florida

_‘Mean

«228
11
11

Maan

+259
+054
Jd21

«207
168
070

FER

(40)*
{60}
(40)

FER

(16)
(30)
{32)

(24)
(30)
(8}

——

*Number of Intersectlons observed
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tarily stop or enter slowly.

Ratas from all three of these varl-
ables reflect reglonal and rural and ur-
ban influence. In general,
hicles voluntarily stop in
{such as New York} but slightly more
' ’ speeds.,

fewer ve-
urban areas
intersecticns at slower
However, a substantial
vehicles not voluntarlly stopping enter
intersections at higher speeds.

entar

Summary

In general, there are two characteristics
of driver behavior at. low volume intersec-
tions worthy of note, ' Those dependent mea-
sures that are subjecf to influence by vol-
ume of the major roadway.are so Infiuenced;
the remainling measures {thiose not influenced
by volume) vary regionally and by location.

The number of forced stops at intersec-
tions increase as the volume on the major
Varlations from this find-
cell

increases.
Ing are probably a function. of small
sizes and/or a sampling or an analysis arti-
fact. ‘

road

There are regional differences in measures
that are not dfrecfly influenced by volume,
New York experiences a lower rate of wvolun-
tary ' stopping behavior, while in Florida,
fewsr drivers enter Intarsections at greater
than 5 mph (8 km/h). Again, minor fluctua-
differences among dependent mea-
are best understcod by considering
sampling and data technliques.
Sight distance apparently does not contri-
bute to the differences chserved.

tions or

sures
collection

significant differences found

The
the Iindependent

Table 23 for each dependent variable,

ameng

variables are given In

Summary rates for dependent variables are
presented for major independent classiflica-
tions in Tables 24 through 25.

portion of these
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ACCIDENT EXPERIENCE

General Comments

The constraints imposed on usiﬁg accident
information as a secreening device for inter-
sections did not nega?e_lfs‘usefulness in
the analysis of operational beshawior. Al-
fhougﬂ‘+he overall accldent experiences of

" Yow volume intersactlons in Tekas were con-
sidered to be few,. i was necessary to In-

vastigate accidents in oTEgr sfafeg,and by
other independent variable classifications,
In thls manner, an intersection's accident
history served as a debendenf variable to
ald in =answering the Hreéearch questions
needed fo satisfy Tﬁe objéqfivés of the pro-
ject. SN o

The primary method of analysis used was
the previously described analysis of vari-

ance procedure, quevér, since a large num
ber of infersecfionsfhad_no accident experi-
ence in fhree years,
tion as to the normality of the data, Con-
sequently, non=-parametric Tes+$ waere used fo
support the findings of the primary analy=
siss Most of *the hfgher order interactions
were deleted from the analysls to make the
tests consefvé?ive‘andffd reduce the prob-

ability of empty cells.

there was some ques-

The analysis based on the two forms of
this dependent variable are discussed in the
following sections,

Accldents Per Intersection

1, 'Specific Dependent Variabtle

Average Number of accidents per inter-
number of
in three years/number of in-

section in three years --

accidents
tersections observed,

2, Analysis Procedure

Analysis of Variance



TABLE 23.

Summary of Signiflcant !ndependent Variables

for Driver Behavior.

independent

Variables

Reqlon
Location
Control
Geometry
Ma jor Road

Reg
Reg
Reg
Reg
Loc
lLoc
Loc

x Loc
x Cont
x Geo
x MVol
x Cont
% Geo
¥ MVol

Cont x Geo

Cont x Mvcl

Geo

x MVol

Volume

Dependent VYariables

FSR
xf

VSR

X

-

SR

R
X

£p

** VSR, SER, FER not tastad
indicated by "==1,

< .05

fon effects of
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Ma jor

VYolumg, as



Table 24, Dependent Variable Rates. for STOF Co
: s Region and Location

ntrel by

. ¥CFR = Conflict Rate

43

FSR YSR SER FER CFR*
New York 2286 056 747 210 028
Urban .462 w028 {782 | L2682 |.047
Rural L195 L0867 .742 L1921 ,013
Texas .236 L2110 .624 .166 010
Urban 2261 | .215 | 63270 |-.153 |.020
Rural .210 .205 616 .178 000 .
Florida 342 240 654 L1115 .006
Urban . 169 061 J755 | .184 000
Rural 514 418 . 552 . 045 L013
Distribution of yehip[esl . o .
not forced to stop . 186 +647 167
Distributlion of all
vehiclas | 263 737 012




" Table 25. Dependent Varlable Rates tor YIELD Control by
Reglon and Location.

ESR V3SR SER FER CFR*
New York .380 018 2649 «333 .041
~Urban ,464 .000 . 700 300 020
" Rural . 341 .025 530 + 346 051
Texas .022 . 060 .831 110 2004
Urban .034 . 118 852 .029 040
Rural . 009 ,000 ,810 « 190 000
Florlda 054 . 142 .754 . 104 . 000
Urban . 054 . 142 . 754 . 104 .000
Rural -—— —_—— -——— — ———
Cistributon of vehicles
not forced to stop 082 2 790 «128
Distribution of all .099 L9001
Yehlcles . .018

*CFR = Conflict Rate

Table 26, Dependent Variable Rate for No Control by Regien
and Location

FSR . VSR SER FER CFR#*
New York 311 022 | .770 417 038
Urban ' .390 .000 .750 .250 .046
Rural 231 044 .789 . 167 031
Texas 119 « 124 .808 , 069 026
Urban . 187 +130 B45 .025 016
Rural . 051 17 L7 112 .017
Flarida +000 067 800 5133 000
Urban . 000 067 800 L 133 000
Rural -— -— -— -— —_——
Distributlon of vehicles
not forced to stop 2091 « 795 . 114
Distribution of all
vehicles +187 813 : 021

* CFR = Confllct Rate
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3. Resulfts

The ANOVA results indicate a signifi-
cant main effect of Major Volume and a
between Major

significant interaction

Volume and Region (Tabie 27).

The mean rates for these variables
are given in Table 28,

4, Comments

The differsnce observed In average
Three-yeér accident rates bstween the
two volume ranges can also be seen when
finer vélume, ranges are considered,
The graph In Figure 3 shows the break-

down of accident rates at various vol-

ume levels, Note that the 34000 and
4-5000 vpd levels have been comblned
because of the small number of Inter-

sections studied from each group.

The slgnificant interaction was due
in part to Texas Iintersections wlith
major road volumes greater than 2000
vehicles per day. The acclident rate In
this category does not follow the pat-
tern from the other two states.

Intersections With Accidents

l. Specitic Dependent Varliable

Number of fnTersecTions'?ecordlng at
least one accident in three years.

2. Analysls Procedure

Chl-Sguared Test

3. Results
Chi-squared tests performed on the
major independent variables indicate
significant differences among Control
types, and Geometry (Table 29) and

among Major Volume levels (Table 30},
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4, Comments

The number of STOP-controlled
sections having at least one accident
in three years is proportionally higher
than YIELD or Uncontrolled
tionss This difference could possibly
be due to @ change in signing status as
How=

inter-
intersec-~

‘g result of accident expéerience.

ever, none af the records available in-

dicated such.

Intersections with four legs have
characteristics that in-
crease the probabllity of confllct and

operational
apparently the accident experience.

Slgnificant differences in accident
experiences were observed at the 2000
and 4000 vpd levels¢ ”Fighre 4 . displays

. the percentage of
iencing acclidents at various volume
levels, Once agaln, the 3001-5000 vpd
ranges are collapsed 'tfo compensate for

cel | frequencles. * '

intersections exper-

smal |

Summary

There is an indication, of significantly
different accident experience among sign
types, volume levels and between 3- and 4-
leg intersectlions. These differences were
using non-parametric tests which
may be more appropriate for this type of
data.
presented

observed

A summary of significant findings is
in Tabte 31,

A note of particular interest is the In-
crease in accldent experience above 2000 vpd
on the major road. This increase was slgni-
ficant using analysis of varlance and Chi-
Squared tests. This Interesting trend may
indeed be 2 "breakpoint', Using the classi-
tication of intersections with and without
accidents and collapsing across different
volume ranges, the tests ‘Indicate that in-
tersections with major road volumes of 2000



TABLE 27,

ANOVA Using The Dependent Variable of Average Number of
Accidents Per Intersaectlon In Three Years,

Source

Reglon
Location
Control
Geometry
Major Velume
Reg x Loc
Reg x Cont
Reg x Geo
Reg x MVol
Loc x Cont
Loc x Gao
Loc x Mvol
Cont x Geo
Cont x Myol
Geo x MVol

Model
Error
RZ = ,2075

DF

A NN~ = RNRNKNPERN = =N =N

26
113

C.¥. = 317.2522

"Sum of Squares F value PR>F
3.0024 .08 34
2.4148 174 .18

.1839 .07 .93
.3485 .25 b1
12.3779 8.91 L0035
1.6552 W60 .55
27252 W13 .97
L1104 .04 .96
9, 1769 3,30 0403
5.0316 .81 .16
.71948 .57 A5
1.8512 1.33 .25
L4662 A7 .84
2.8805 1.04 .35
L1030 .07 .78
41,1225 1.238
156.9812
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Table 28, Significant Main Effects and Interactions:
Average Number of Accldents Per Inter-

section In Three Years

Ma jor Volume
X 2000 (vpd)

> 2000 (vpd)

Ma jor Yolums Reglon
' New York
< 2000 (vpd) Texas
Florlida
New York
> 2000 (vpd) Texas
Florida

Accident Rate

142 (91)*
795 (49)

Accident Rate

100 (10)
136 {44)
162 (37)

1,00 (30)
125 {16)
2.33 (3)

*Number of intersections observed

a7




8Y

Mean
Accident
Rate
(3 years)

1.20

1.00

0.80

0.60

0.40

0.20

T 1 [ | |
0-1000 1001-2000 2001-3000  3001-5000  5001- +

Major Roadway Volume (vpd)

Figure 3. Mean Accident Rate by Major Roadway Volume



Table 29. Non-Parametric Anaiysis: Intersections With At
Lease One Accident In Three Years.

I+ Chi-Squared - Region x Accldents

0 1+
i
New York 29 ) Il 40
Florida 34 - 40 XZgbs = 3.59
Texas 52 8 80 X Zexp = 5.99
15 25 140

2, Chi-Squared = Location x Accidents

o I+

Urban 65 3 78 XZobs = 170
Rural 50 12 62  XZexp = 3,84
15 25 140 .

3. Chi-Squared -~ Control x Accidents

0 1+

$TOP 33 15 48 -

Y1ELD 40 8 48 XZgbs = 11,23%

Mo Control 42 2 44 XZ2exp = 9,2)
115 25 140

4, Chi-Squared ~ Geometry x Accldents

0 I+

3 - Leg a8 13 101 XZobs = 4,98%*
4 - Leg 27 12 39 XZexp = 3.84
15 25 140 :

*signiticant (p<,00)
**signlficant (p<.0%)

O-intersections without

an accident in three
years
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Major Road Volume

(VYPD)

1601
2001
3001
4001

5001

1600

2000

3000

4000

5000

TABLE 30. Non=-Parametrlic Analysis: Intersections with
Accidents by Major Road Volume,

Intersection

Intersection

Without With
Acclidents Accidents
68 10
12 |
9 4
7 !

2 3
17 5
115 25

50

23

140

X 2obS

X2 95 =

171.0147

11.07



TABLE 30. Non-Parametric Analysis: Intersections with Acclident by Major Road Volume

(Continued)
Exact Partltion of)(2
Intersection Interssection
Without With
Major Road Yolums . Accidents " Accldents
1. 0 = 1000 68 10 78 X 20bs = 0.199777
1601 - 2000 12 p 13 X 2,95 = 3,841
80 1 91
2. 0 - 2000 80 1 ‘ 91 "X Zobs = 2.706354
X2.95 = 3,841
2001 - 3000 9 4 13 XZ2,90 = 2.706
89 T 104
3. 0 = 3000 89 15 104 X Zobs = .018729
3001 - 4000 7 t ‘ 8 X2,95 = 3.841
96 16 112
4, 0 - 4000 9% 16 112 X Zobs = 6.819056 .
4001 - 5000 - 2 3 5 X2.95 = 3,841
98 9 .. 117
5. 0 - 5000 98 9 - 117 X %obs = 1.270773
5001 + ‘ 17 6 23 X2.95 = 3.841
115 25 140
Total XZobs = 11.0147
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e

Table 31, Summary of Signilficant Independent Variables for Accident Experisnce,
Dependent Varlables
) Average Number of Intersectons .
‘ i Accldents Per With At Least
Independent Intersection (In One Accident.
Varliables 3 Years) { 3 Years )
Region
Location
Controf X*
Geometry X
Major Road Volume X X
Reg x bLoc —=t
Reg x Cont -
Reg x Geo -
Reg x MVol X -
Loc x'Con*t -
Loc x Geo -
Loc x Myol -
Cont x Geo -
- Cont. x M¥ol. . -
Geo x MVol --
* p< ,05

*%Not tested with Chl-squared tests.
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vpd or less had a lower . proportion of inter=-
sections wlth accidents than those with
ma jor road volumes above 2000 vpd. A signi-

ficant ditfference was alsc observed at the
4000 vpd 1eva[,wh1ch may. be another point of
interest  although it is restricted somewhat
by sample slze, ' E

TRAVEL TIME

.General Comments -

Travel time as a dependent variable s .a

measure which can be used to assess opera-

ticnal differences among Intersections of
dlfferent control types,or other character-
istics.
determining certain aspects of operational
costs where differences are detected,

Trave! times were collected for sach type
of movement (left turn, right turn or thru)
for the mincr approach leg of each intersec-

Tlon, Since 3-leg Intersections have no
thru movements, tota! travel *time for each
gecmetry were analyzed separately. For the

purpose of assessing gecmetric differences,
total fravel time for furnling movements only
were analyzed with geometry as an Indepen—
dent variable.

The analysls procedure used was Analysis

of Variance, Again higher order interac-
tions were deleted to prevent the occurrence
of empty cells and to make the tests some-
what more conservative,

Mean Travel Time: 3-Leg

|. Specitic Dependent Varlable

Intersec-
left
In=

Mean travel time for 3-leg
tions--combined fravel time for
and rlight turn movements for each

tersaction,
2. Analysis Procedure

Analysls of Varlance

1¥ can also be used as a means of:
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" This reflects searller

Maan

Results

"The analysls of wvariance indicates
signlficant main effects due to Control-
There were also sig-
betwsen Raglon
and Location and Location and Control
(Table 32), Times tfor
these variables are presented In Table

and Major Volums.

nlficant interactions

The mean *travel

"33,

Comments
Y |ELD-controlled intersections have

shorter +travel times than

with other

Intersections
control types.-
indications of
lower overail stopping rates (FSR plus
¥5R) of 17.3% for YIELD, 26.1% for No-
Control and 40,0% for STOP-controlled
[ntersections.

obsarved

As wlth the variable of forced stop,
travel time increases as the volume on
the major road increases, The majority
of Intersectlons obsarved in the fleld
were 3-leg, allowing an-adequate sample

size to detect the trend.

The travel time at intersections be-
jow 2000 vpd were significantly lower
t+han those of hlgher volumes (Flgure

5).

Travel Time: 4=leg

2.

Specific Dependent Variable

Mean travel time for 4-leg lnferséc-
+ions-~comblned *ravel left
turns, right furns and thru movements
for each Intersections.

time for

Analysls Procedure

Analysis of varlance



ANOVA Using The Dependent Varlable of Mean Travel

Reglon  Urban Rural

New York 14.46 (13) 15,15 (21}
Texas 14,85 (19) 12,81 {24}
Florlda 13,23 (]9} 16.72 (5)
Control o

STOP 14,73 (11, 16,68 {16)
YIELD 13.54 (16) 11,75 (18)
No. Control 14.29 (24)

Table 32,
Time for 3-Leg Intersections
Source DF Sum of Squares F-Value PR>F
Region 2 2,1947 .28 .75
Location 1 B.6311 2.19 7 <14
Control 2 75.4681 9.59 0002
Major Volume 1 25,6849 6,53 0125
Reg x Loc 2 41,3969 5.26 0071
Reg x Cent 4 33,6407 2.14 . .08
Reg x MVol 2 15.5737 1.98 .14
Loc x Cont 2 50.6433 6.43 .0026
Loc x MVol 1 9215 25 .62
Cont x MVo} 2 3.2390 41 66
Model 19 257,.3939 3,44
" Error : 81 318,7130
CRZ = L4467 :

€N, = 14,00

Table 33, Slgnificant Main Etfects and Interactions: .

' Mean Travel Time, 3-Leg Intersections

Control Mean Travel Time

STOP 15,88 {273

YIELD 12,59 (34)

No Control 14,34 (40)

Major Volume

< 2000 (vpd) 13.26 (80)

> 2000 (vpd) 15.49 (41)

Mean Travel Time

14.43 (16)
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Figure 5. Travel Time for 3-Leg Infersections by Major Roadway Volume



3.

Mean

Results

‘The analysis .shows significant dif-

ferences between focations and a signi-
ficant Interactlon between reglon and
location (Table :34), The means for
these comparisons are given .in Table
35, s ’

Comments’

Apparently the travel| time at rural,
4-leg interections is greater than In
urban areas. This difference occurs in
every state although New York's rural
and urban fravel times are very close,
which is understandable given that the
roads studied in
New York are as great as those found In
urban in other regions (Table

360,

volumes on the rural

areas

The relationship of major road valume
to travel time was not as strong as ob-
variables,
which Is probably due to the low number

sarved with other dependent

of observations in the lower volume
ranges. This sample size problem is
responsibte for the zerc sums of

squares In the ANOVA source table.

Trave! Time: Turning Movements

Specitic Dependent Variabie

Mean travel time for

mants==combinad travel

turning move=

time for lef?t

and right turns for 3= and 4-leg Infer=- .

sections.

“ cant effect of major

57

Z2.- Analysls Procedure
Analysls of Variance
s Results

The analysis indicates sfgnificanf
differences among all variables but
Geomatry {Table 37, ., There were also

' signifiéan* interactions between Region
and Locafion,.and Location and Control,
Mean rates for the main effects and in-
Teracfions,arelshown in Table 38,

v

4, Comments

The combined data for 3- and 4-lag
suggest that at  least
with respect to turning movements, tfra-
vel time 1is shorter ' for YiELD=-con-
trolled ftraffic, shorter. in urban
areas, and at lower ﬁajor road volumes,

intersections

A plot of the turning movement travel
time by volume level
. 6.

is given Tn Figure

Travel Time Summary

In general "travel times are shorter for
YIELD-controlled intersections and longer
for rural areas. The summary of significant
variables is presented in Table 39,

in addition to these findings, a signifi-
road volume was de-

tected, Travel' times for these intersec=-

tlons with major road volumes less than 2000

vpd -had significantly lower travel
an average of about 2 seconds.

timas by



TABLE 34, ANOVA Using The Dependent Variable of Average Number of
Mean Trave! Time for 4=Leg [ntersections.,
Source BF Sum of Squares F PR>F
Region 2 17,4681 2.17 .13
Locatlon 1 35.3555 8,79 L0067
Control 2 2. 1441 .27 .76
Major VYolume 1 L1416 .04 .85
Reg x Loc ) 32,0305 7.597 .00%94
Reg x Cont 1 2.2312 .55 .46
Reg x MvVol 2 7.2947 .91 .41
Lec x Cont 2 6.1891 1.54 .22
Loec x MVol - - - -
Cont x MVol - - - -
Model 1A 102.8548 . 2,323
Error 27 108,6925
RZ = ,486
Ce¥e = 13,4536
TABLE 35, Maln Effects and Significant Interactions:
Moan Travel Time -~ 4-lLeg
Mean Travel Time
(4=Leg}
TOTAL Urban 17,7 sec, (12)*
Rura) 13.6 sec., (27}
Florida Urban 21.8 sec. (3}
: Rura! 12.1 sec. (13)
New York Urban 14,7 sec. (3)
Rural 14,4 sec, (3)
Texas Urban 17.2 sec. (16)
Rural 15.1 sec, (11)

®Number of intersections observed.

58




Table 35, Average Major Rocadway VYolume by Region
and Location

Urban Rural

New York = ‘ 12,017 " 4,490
Florida . 445 678
Texas v ‘ 1,553 ],301

Téble 37. ANDVA Using The Dependsnt Variable of Mean Turning Movement
Travel Time {3-Leqg & 4-Leg Intersectlons Combined}

Source ‘ o DF Sum of Squares F-value " PR>F
Region 2 25.3813 3.14 . .0472
Location 1 49.2889 12.18 7 .0007
Control 2 72,8320 9,00 0002
Geomstry R 9,7971 2,42 gz
Major Volume R 27.9866 6,92  .0097
Reg x Loc . 2 82,7577 10,23 0001
Reg x Cont ‘4 46,3915 2,87 0264
Reg x Geo: 2 8316 10 90
Reg x Mol 2 16.8501 o 2,08 a2
Loc x Cont 2 58.3982 7.22 0 ,0011
Loc x Geo 1, 11,6453 . ©2.88 .09
Loc x MVol 1 -9 b2 2 2,17 J4
Cont x Geo 2 9.9464 1,23 .29 ;
Cont x Mvol ‘2 10,5958 .31 .27
Geo x Myol ! 6.2299 $e24 © ' W21
Mode| ' -2 437.7095 ' 4,16

Error : 113 456.7017 :

RZ = ,489

CoV¥e = 13.99
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Tabl!e 38, Signiticant Maln Effects and Interactions:

Mean Turning Movement Travel Tims

Region
New York

Texas
Florida

Location
Rural
Urban

Control
STOP
YIELD
No Control

Major Volume
< 2000 vpd
> 2000 vpd

Location

‘Urban

Rura!

Region

New York
Texas
Florida

Location

~ocation
Urban
Rural

Mean Travel Time

14,84 (40)*
14,34 (60)
13.95 (40)
14.88 (62)
13,97 {78)
15,82 (48)
12.73 (48)
14.57 (44)
13,71 (21)
15,59 {49)
Regron
New York 14,45 {16)
Toxas 14,97 (30)
Florlda 12,79 {32)
New York 15.10 (24)
Texas 13,70 (300
Florlda 18.62 (8)
Control
STOP YIELD ~  No Control
15,31 {12} 14,93 (12)  14.43 (186)
16,06 (203 12,02 (20)  14.93 (20)
15,92 (18) 11,99 (16} 13,95 (8)
14.41 {22) 13.33 (30)  14.33 (26)
17.02 (26) 11.7% (18)  14.%1 (18)

*Number of intersectlons cbserved.
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TABLE 39. Summary of Significant Independent Variables for Travel Time

Independant

Dependent Variables

Mean Travel

Mean Travel Mean Turning

Tima (4-Leg) Time (3-Leq) Movement Time
Variables (3= & 4=Leqg)
Reglon X
Location X¥ . "X
Control X : X
Geometry - -
Major Volume X X
Reg x Loc X X "X
Req x Sign X
Reg x Geo - -
Reg x Mvol X
Loc x Sign X
Loc x Geo - -
Loc x MVol
Sign x Geo - - -
S@an%l
Gea x MVol -— -
*p < .05

** Not tested
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CHAPTER S: BEXPECTED BENEFITS AND COSTS

| NTRODUCT ION

Several indirect measures of operation and
satety were computed from the driver be-
havior, accident experience, and travel time
data collected in the field studies. | The

purpose of the indirect measures was to-con-

vert opsrational measures inte a common base
for economic comparison where possible, The
measures consldered were: road user aperat=-
ing costs, accident costs, highway agency
costs, and fuel consumption, ™ The benefits
computed are applicable :to vehicles on the
minor spproaches only, No signlficant bene-
fits or costs are expected to accrue for the
major roadway, since no changes In driver
behavior are expected.

ROAD USER QPERATING COSTS
The costs. absorbed directly by the road
user are vehicle operating costs and time

costs,.

Vehicle Operafing Costs

Excess operating costs over continuing at
a constant speed were computed from running
cost tables developed by Winfrey (23) and
updated to 1980 costs by Ritch and Buffing-
ton (26). To account for variations in dri~
ver behavior and inltial approach speed,
costs were computed on a component baslis
across these two variables {Tables 40 and
41).

Driving behavior included all three volun-
tary behaviors. Slow entry {(SE) was assumed
to require the driver to slow to 5 mph (8
km/h} instead of stopping, Similarty, fast
entries (FE) were assumed to enter the in-
tersection at 10 mph (16 km/h). As can be
sesn in the tables, the distribution of dri-
ving behavior rates varles for each type of
control.

Initial approach speed has a significant

“effect on operating costs,  All intersec-

Yions observed had a minor roadway approach
speed of 55 mph (88 km/h) or - less. Speeds
in the range of 25-45 mph (40-72 km/h) were
mast common.,

Vehicle operaf[ng‘cos?s are subdivided in-

‘to the two tables based on major roadway

volume ranges, because the distribution of
driving behavior rafes_chahges significantly
at 2000 vpd (Chapter 43}, Table 40 gives
operating cost in cents/vehicle/speed change
cycle for major roadway volume < 2000 vpd;
Table 41 provides the same information” for
major volume > 2000 vehicles per day.

The composite values for each control type
differ Iittle trom each othér. For example,
there is eséenfialty no difference between
YIELD and No Centrel In Tabie 40, and -only

‘<04 - 06 cents difference between STOP and

YIELD (at low speeds the savings amount to
more than 4%), At 55 mph (88 km/h) YIELD
produces only a . I% savings in operating

"cost. Even ‘this small savings, however,

produces a substantial absolute amount 'over
the service life of the device, Table 42
summarizes the average cost per speed
change cycle for major roadway volumes below

and above 2000 vpd for each contro! type.

Road User Time Costs

Delay costs were computed +two different
ways. The first way utilized Winfrey's ex-
cess hours consumed in speed change cycles,
distributed across driver behavior rates and
approach speeds in a manner similar to that
used tor vehicle operating costs, Tables 43
and 44 reflect the results- of fthese computa=-
tions. A time value of $6.31/hour was used,
as recommended by Pinnell, et. al,, (27).
Averaﬁe occupancy was assumed to be 1.3 per-
sons per vehicle.
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Table 40.

Computation

of Vehicle Operating Costs: Major Volume < 2000 vpd

Contral Behavior Cost’ in ¢/veh/cyclé—
Type Rates 2/
. Initial Speed {(mph)
20 25 30 35 40 45 .| 50 55 .
- Average
STOP
¥sS = 262 .38 D3 72| L84 11.27 [ 1.53]1.93 12.41
SE = .984 .65 99 11.40 [ 1.89 12,49 | 3.21 [4.09|5.15
FE = .154 .12 21 ) W31 441 80| .79 11.02 [1.30 -
1215 1.73 [ 2.43 [3.27 | 4.30 | 5.53 | 7.04 18.86 4,29
YIELD
yS = .089 .13 LB W24 ) 32| 41 W52 .66 .82
SE = 777 B7| 1432 | 1.86 |2.52 (3.3 [4.28 |5.44 ]6.85
FE = 134 10 I8 271 391 521 691 89 |1.13
1e10] 1468 12,37 [3.75 |4.24 | 5.49 16,99 | 8.80 4,24
Noe Control
¥5. = .082 .12 AT W22 | W29 W38 4B L0 .76
SE = .820 92 1.39]1.97 |2.65 | 3.50 |4.51 [5.74 [7.23
FE = .098 .08 L3 ] .20 .28 .38 .50 | .65 ] .83 .
1.12 ] 1.69 | 2.39 |3.22 | 4.26 [ 5.49 ]16.99 { 8.82 4.25
1/

Updated costs derived from report by Ritch and Buffingfon In Texas Transportation
Institute Research Report 210-5, May [980,

2/

To convert from miles pér hour fo kiltometres per hour, multiply by 1.60934,
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Table 41, Computation of Vehicle Opefaf[ng Costs: Major Volume > 2000 vpd

Control Behavior Cost in ¢/veh/cycle
Type ‘Rates SR 2/
' initial Speed {mph)
20 25 30 35 40 45 50 |.S5
: - Average
STOP ‘
V5 = 0% .14 .20} .26} .34 .44 56| .70 .88
S5E = .737 B2 1.25 11,77 12.39 |3.14 14.06 | 5.16 | 6.50
FE = .167 .3 2231 L3411 .48 .65 .86 1.1111.41
1,091 1.68 12,37 | 3,21 14,23 15,48 | 6.97 |8.79 | 4.23
YLELD :
VS = ,029 04 O8] L0811 L0 L1331} L1720 27
SE = 776 «B71 1,32 1 1.86 | 2,51 | 3.3 (4,27 | 5.43 | 6.85
FE = ,195 o135 426 | .40 | .56 | 761,00 [1,2911.64
1.061 1,64 2,34 13,17 | 4,20 |5.44 |6,93 |8,76 | 4,19
No Control
T Vs = ,044 .06 09 12 16 .20 261 32| W41
SE = .809 L0 1.37 | 1.94 12,62 |3.45 |4.45 ) 5.66 | 7.14
FE = ,147 .1 201 301 421 571 L75| .97 [1.24
' 1.07.] 1.66 ) 2.36 13,20 [4.22 |5.46 16,95 | 8,79 | 4.21
1/

Updated costs derived from report by Ritch and 8uffington 'in Texas Transportation

Institute Research Report 210-5, May 1980,

3/

To convert from miles

par hour to ki[omefres per hour, multiply by 1.60534.
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TABLE 42

Average Vehiclie Operating Costs

CONTROL TYPE

§TOP
YVELD

No Control

COST IN CENTS PER CYCLE

Major Roadw

ay Volume

A/
< 2000 vpd

2/

> 2000 vpd

4,29
4,24

4,25

i/ From Tahle 40

2/ From Table 41

" Table 43, Computation of Road User Delay Costs (Winfrey): Major Volume < 2000 vpd
_ 1/
Control ‘Behavior Cost in §/veh/cycle
- Type RaTes 2/
Initial Speed (mph)
20 25 30 35 40 | a5 50 55
bverage
STOP ,
vs = ,262 .54 S4 | T4 B3] S5 11,05 1.15]1.26
SE = .584 L8] 1.01 [1,25]1.48 1,72 1,94 12,17 |2,40
FE = .154 .12 WJB | 4241 30| J35) L4 47 «33
1o44 | 1.83 |2.23 |2.63 [3.02 |3.40 [3.79 |4.19 | 2.82
YIELD
¥s = ,089 .18 .22 25| 29| 32| 36| J39 ) .43
SE = 977 1.03] 1.3411.66[1.97|2.28 |2.59 |2.8913.20
FE = 134 .10 51 .21 26 | W31 36| .4 .46
1431 1271 | 2,12 12,52 {2.91 | 3.31 | 3.69 |4.09 ] 2.71
No Control
¥S = ,082 17 W20 23 W27 30| 33| W36 W39
SE = .820 1,09} 1,42 (1,75 ]|2.08 12,41 |2,73]3,05]3,38
FE = .098 «07 o1 A5 191 23] 426 L30) .34
1,331 1,73 12,13 [ 2,54 | 2,94 13,32 | 3,71 4.1 2,73
I/

Delay time based on Robley Winfrey, Economic Analysis for Highways, International

Textbook Co., Scranton, PA, 1969,

1.3 occupants/vehicle.

2/

Value of fime based on Retference 27.

Assumes

To convert from miles per hour to kilometres per hour, multiply by |.60934,

66




- Table 44. Computation of Road User Delay Costs (Winfrey): Major Volume > 2000 vpd

| S 1/ -
Contrel Behavior Cost in $/veh/cycie
Type Rates ' g/
Initlal Speed (mph)
20 25 30 35 40 45 50 55
fverage
STOP
VS 096 .20 23 27 .31 351 .39 .42 .46
SE = ,737 W98 | 1,28 11,57 [ 1,87 | 2416 2,45 [2.74 | 3.03
FE 167 W13 .19 W20 W32 .38 +45 291 + 98
1.31 1,70 12,10 12,50 | 2.89 | 3,29 [ 3.67 | 4,07 | .2.69
Y1ELD _
VS ='.029 .06 .07 .08 .09 ol .2 .3 .4
SE 776 1.03 1.34 | 1.658 |1.97 |2.28 |2.58 |2.8% ]3.20
FE + 195 .15 22 .30 .37 45 | .52 .60 .67
1.24 163 (2,04 | 2,43 | 2.84 |3.22 |3.62 |4.01 2.63
No Contral
' VS = ,044 09 11 2] ey ate | a8 19| L2
SE 809 1.08 1.40 11,73 }2,05]2.38 12,69 }3,01 |3,33
FE A47 W11 .17 23 .28 .34 , 40 45 .51
1.28 1,68 12,08 2,47 12,88 13,27 13.65 4,05 2,67
A/

Updated costs derived from report ‘by Rltch and Buffington In Texas Transportation
institute Research Report 210-5, May [980,

2/

To convert from mile
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AéTuaI measured travel times from the
_field studies were used for the second meth-
Table 45 shows
delay cost per

od of delay computation.
average . travel . times and
cycle for the two volume ranges considered,

The actual coﬁfs computad for each control

type in Table 45 cannot be compared directly

with +he costs In Tables .43 and 44. The
costs, based on Winfrey's data (Tables 43 and
44),are excess costs over a consfant speed;
TTI's costs. are total time costs from 150
feet (45m) upstream to 150 feet (45m) down-
stream of the intersection,
di fference in cost between

should be comparable.

However, the

control “types

Table 46 ccmpares the dlffefences‘ln detay

cost between control types for both méthods
The TTI flgures are sub-
stantially higher, but probably more repre-
sentative than the flgures based on Win=
frey's data. Winfrey's data (averaged over
all Tnitial speeds in Table 46) includes no
time for .ar 'Both eould
- normal ly be determined from idling time, but

of computation,

looking ;or walting.

since this variable was npot measured di-

rectly, such a computation was imposslble,
the time costs based on the field
studies In this: project {shown as TT| costs)

were used to compute total road user cost.

Therefore,

Composlte Road User Operatlng Costs

Table 47 presents the total road user
costs summarized In Tables 42 and 46, The
increase In operating cost between the lower
and higher volume ranges Is approximately
5% for STOP, 5% for YIELD and 1§ for No Con-
trol.

In both volume ranges,YI|ELD and No Control

offer savings over STOP control. Below 2000
vpd YIELD control represents an 8% decrease
and Mo Control, a 1% decrease. Above 2000

vpd YIELC is 8% lower than STOP and Mo Con-
trol, 5% lower.
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ACCIDENT COSTS

Since accidents were independent of con-

trol type, It was not possiblé to ascribe
superior benefits to either STOP or YIELD
control, The "conventional wisdom" of the

general pubfic and of most agencies respon-—
sible for traffic control maintains fthat
STOP is "safer" than YIELD. While there is
no avidence to that effect at low volume in-
Teréecfions, an awareness of the public at-
t1tude dictates that STOP contro! should be
Implemented at locations with significant
accldent history. )

A determination of slgniflcan+ accident
history was made using the field data and
analyses of this project, According. fo a
Poisson distribution of accident frequency,

_an intersectlon will experience two or fewer

acclidents In three years (p< .01}, regard-
less of control type. . |f *the expected sav-
ings resulting -from YIELD control exceed the
average cost of an accident, then the war-
ranting accident criteria would be adjusted
to -three accidents,

The weighted average cost of an accident:
Is $2300, based on the distribution and cost
of injury and property damage accidents.
[ Injury accidents ($6200, Ref, 17) accounted
for 313 of all accidents; the remaining 69%
were property damage only at $570 each.l
The expected annual savings of YIELD over
STOP per 100 minor road vehicles
$240 (Table 50}.
savings approximately equals the
cost of one accident when the minor road
volume exceeds 320 vehlcles per day (3.20
vehicles x $240/year -x 3 vyears =.§2300),
Therefore, at YIELD-controlled . Intersec=
tions, one additional
years can be folerated without adverse eco- -
nomic three accidents '
would dictate a change to STOP control con-
sistent with "conventional wisdom”.

is about
The expected three-year
expected

accldent every three

Impact. Mcre than



TABLE 45. Computation of Road User Delay Costs: Fleld Data.

Ma jor Roadway Yolumes

£ 2000 vpd > 2000 vpd
STOP
N ‘ 41 ' 27
Avg TT {sec) . 14,9 16.7
iy
$/cycte - 3,404 3.81
Y1ELD
N : 45 ‘ 14
Avg TT (sec) (2,5 14,2
#/cycle 2.85 , ) 3.24
No Contral
N _ 2 6
Avg TT (Sec) 14.6 15.
- $/cyete 3.33 . © 3,44
4/

Assumes |,3 occupants/vehiclas and time values of $6,31/hour
(Reference 26}.
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TABLE 46. Comparison of Delay Costs Between Winfrey and TT! Computations

CONTROL TYPE

COST IN CENTS PER CYCLE

way Volume

Ma jor Road
< 2000 vpd > 2000 vpd
Y Z 3 Z/
Winfrey TTI Winfrey TTI
STOP 2.82-. 3,40 o 2.69 3.81
YI1ELD 2.7 2.85 2.63 3,24
No Control 2,73 3,33 2.67 3.44
1/
From Table 43,
2/ . :
From Table 43,
3/ '
From Table 44,
i
! TABLE 47. Composite Road User Costs
- : COST IN CENTS PER CYCLE.
CONTROL TYPE
Ma jor:Roadway Volume
£ 2000 vpd > 2000 vpd
Y 7| Y, Z
Vehlcle De!lay TOTAL Yehicle Delay TOTAL
Costs Costs Costs Costs
STOP‘ 4,29 3.40 7.69 4.23 3.8} 8.04
Y1ELD 4,24 2.85 7,09 4,19 | 3,24 7.43
o Control 4,25 3.33 7.58 ) 4,21 T.44 7.6%

1/
From Table 42Z.

2/

" From Table 46.
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HIGHWAY AGENCY COSTS

The responsible highway agency will Incur
additicnal cests any time a sign Is in=
stalled, removed or changed (e.g., from STOF
to YIELD),. These costs must be balanced
against the expected benefits to be derived
from the change, ‘

Inltlal costs of lInstallation
ware based on representative costs obtained
from a district of the Texas S$tate Depart-
. ment of Highways and Public Transportation
for all items except the sign blanks, The
Texas'DeparTmenT of Corrections supplied the
costs for sign blanks, which are avallable
agencles only and are sub-
stantially less than commerclal costs. Both
of these sources were assumed to be falrly
represantative of nationwlide costs.
ever, fhe'represenfaT!veness of these
ures
analysls, since the expected road user
: tThan

or change

to goveramental

How~
fig—-
this
sav=

Is not particularly I[mportant to
ings are slgnlficantly greater
change costs,

Sign blank costs were $14 each for 24-Inch
(60-cm) S5TOP signs and $12 each for 30-inch
(75-cm) YIELD signs. Average cost to change
an "existing sign at a 3-leg Intersection
{(from STOP to YIELD) was $32, including ve-
hicle and -labor costs. installation of a
sign at a 3-leg Intersection where no slgn
exlsted before was estimated to cost $§72,
including post, Installation materlal,
hlcle and labor, Costs for these and other
types of changes at 3- and 4-leq. intersec-
tions are summarlzed in Table 48.

ve=

it ts assumed that no malntenance Is per-
formed other than replacement as necessary.
A service l1fe of seven years s assumed.

EXPECTED FUEL CONSUMPTION

Excess fus! consumed in spesed change cyc~
les was computed from data by Winfrey (25),

based on the distribution of driving actions

slgn

* percent
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Istops, slows to 5 mph (8 km/h}, and slows
to 10 mph (16 km/h)]. Excess fuel consumed
type Is shown In Table 49
tor both major vclume ranges. These results
show that fuel consumption 1is essentially
insensitive to *the minor varlations In enfry
speed chserved,

for each control

This finding Is not unexpected, consldering
the small
operating cost 1o compesite road user costs
(Table 47). consumption accounts for
only a small portion of vehicle operating
costs, with the remainder relating te fires,
engine oll, malntenance and depreciation,
Thefefore, It is concluded that fuel con=-
sumption s not a ‘
establishing control critertia,

relative contribution of vehicle

Fuel

slgnificant factor in

ANNUAL COSTS AND BENEFITS

For comparison of all contro! alternatives
on a common economic base, all costs and
benefits were annuallzed. Costs sexpected
are those ascribed to the highway agency
(Table 48}, As these are inltial <costs
only, they were converted to equlvalent
annual costs (I = 5%),

Beneflts consldered are the annual savings
derived from the difference In per cycle
costs shown I[n Table 47. .For example, a |
change from STOP to YIELD, for a major vol-
ume less than 2000 wpd, would result In a
0.6¢ savings per cycle (7.69¢ - 7.09#).
Multip!led by the minor volume and by 365
days per year, this value would give the ex-
The
savings for ail

pected annual
expectad average
levels of minor velume are shown In Table 50
for three types of control change. These
average annual savings represent the inltial
year savings compounded annually by three
(to account for growth In traffic
volumes) and averaged over seven years {ex-
pected service life),

savings of the change.
annual

‘The three types of control change shown In



TABLE 48, "Initial Costs of Sign Change and Installation

‘

Type of Action

3-Leg Intersectio

il

4-Leq' Intersecton

lnstall STOP
Instal]l YIELD

" Change YIELD to
STOP

Changé $TOP to
YTELD -

Slign

Sian Labor and . Labor and ‘ N

Blank | Othsr Matls| TOTAL Blank | Other Matis| TOTAL

$14 $72 $86 - 528 sz $140
lé 7ﬁ 84 24 12 136
14 32 46 28 82 70
12 32 44’ 24 472 66

TABLE 49, Approifmafe Excess Fuel Consumed Per Speed Change Cycle

CONTROL TYPE

Average Excess Fuel Consumed/Cyc[é_-(Gallons)_‘

1/‘ 2/

Major Roadway Volume

© £ 2000 vpd > 2000 vpd

STOP 0.0106 .0.0107
Y ELD 0.0104 0.0106
No Control . 0,0104 0.0107

1/ Based on Reference 25. )
2/ To convert from gallons per cycle to liters per cycle,
multiply by 3.7854,
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TABLE 50, Average Annua! Highway Agency Costs and Road User Savings

¢

Contre! Type Highway o
Change Agency ‘ Expected Average Annual Savings
‘From © TJo Costl/ Minor Roadway Volume ﬁ
Existing| Proposed [3-Leq| 4-Leg| 100 | 200 T 300 ] 400 ] 500

L P Major Volume < 2000 vpd------------; ------------ ———

STOP YIELD 187 £t $ 240 ¥ 480 $ 720 § 960 $1,200

STOP Ne Control 5 5 44 g8 ) 132 176 220
No Controq YIELD 14 23 196 392 588 784 980
‘T---‘—"-‘—--—-'; -------------- Major Volume > 2000 vpd-—--—-----------; -------------

stop | YIELD 57 s 1t |s 244 s 488 | 5 732 | 3 976 |$1,220

STOP No Contro! 5 5 155 310 } 465 - 620 - 775
No Controll . YIELD 14 23 B 176 264 © 332 440

)/ Frem Table 48,
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Table 50 are those *that produce pesltive
benefits {i.e., the existing contrel typse fIs
more expensive than the proposed
type)s A negative benetit would accrue If
the contrel change were reversed,

control

rates
using a control device service life of seven

All costs were converted to annual

ysars and a discount of flve percent, as re-

74

commended by Buffington, et. al. (28). An
annual growth rate In iraffic of three per-
cent was assumed.

in no Instance is the annualjzed cost of
the proposed change greater than the ex-
pected average annual savings. Net total
banafit can be determlned by subtracting the
highway agency cost from the road user sav-
[ngs. '

2



CHAPTER 6.

SUMMARY OF MAIM EFFECTS AND SIGNIFICANT
INTERACT IONS

The main effects and signlficant interac-
tions of the field data analysls are sum=
marized In Tabie 51,
which the main effect was signlflcant, the
direction or the of the Independent
variable at which signlflcance occurred is
Significant interac-
A blank

leve!

shown on fthe matrix,
tions are Indicated on'y by an XY,

Indicates non-signiflcance; a ™==" indicates

+hat the ‘variable ‘not

tested,

indepsndent :was

Control Type

"Are there signlficant differences In op-
erational behavior among STOP, YIELD, and No
Contro! low volume intersections?®

Accldent Experience

Control
In a manner opposite to that expected, as
ovidenced by the signlficant differences
in the dependent varliable !ntersec-

There are three pos-
for the frend shown.
unequivocal ly stated
in place during the

in place during the
In most

‘shown
tions with accidents,
sible wexplanations
Flrst, 1t cannot be
that the control type
field studies .was also
accldent analysis perlod {(1975-77).
cases, the operatling agency could verlfy the
control type, but in other cases the records
were unclear. Second, there may be other
Intersection characteristics that were not
Identified that had a significant effect .on
historical accidents..

The most likely explanation [s that major
volumae had a significant impact that shows
up not only under the Independent variable
of major volume but alse under control type.
shows *the distribution of minor
type by each major volume

Flgure 7
roadway control

For each condition in’

type appears to affect accldenfs’
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. Tabtle

~tersections with accidents, it

FINDINGS AND CONCLUSIONS

category (also shown In tabular - form In
14), As major volume Increases, The
porporftion of STOP-controlled intersectlions
studied also increases, with the exception
of the 5000+ range. ©Since major volume was
slignificant for the dependent variable In-
is probabla
that the trend shown for signing Is not re-
presentative of what could be expected by a
change In control type. .
Travel Time and Driver Behavior
The slgnificant diffaerence In combined
trava! time is the result of the tendency
for drivers to slow down more for STOP signs
than for the other contro! types. This ten-
dency s borne out by the differences shcwn
for behavior rates. For example, the volun-
tary stop rate was approximately 10§ higher
for STOP control than for the others.

No control produced slower driver behavior
than did YIELD control and consequently, a
sfgnificantly 1tlonger travel +ime, This

finding Is most |lkely due fo some misinter-
pretation of YIELD contro! coupled with ex-
treme cautlon and/or uncertainlty at No Con-
trol intersections,
Concluslons

1t 1s concluded that the effect of control
type on accident potential at low velume In-
tersections Is not appreclable. Control
type does rasult In signlficantly different
travel times, wlth S5TOP control requiring
the longest tfravel' time and Y!ELD control
the shortest.

Regions

differencas at low
different

WAre therée operational
volume intersections
geographlc regtons?®

located In



TABLE 51, Summary of Maln Effects and Significant Interactions: All Dependent Variables,

9

Independent . ’ Dependent Variables
Acc. - Int. T TT T

Variables FSR int. w/Acc. X 4-Leg 3-Leg Comb . VSR SER FER
Region : NY>TX>FL NY>TX/FL FL>TX>NY NY>TX/FL
Location U>R R>U R > U U>R
Control ) S>Y>NC . S>NC>Y S>NC>Y )
Geometry : 4>3 —~— KX ——
Ma jor Volume®#® COHY > LV HY > LV P000/4000 HV > LV HY > LV -— - -—
Reg X Loc X - X X X X X X
Reg X Cont - .= . X
Reg X Geo == X
Reg X M Vol X - X - - —
Loc X Cont : - i X
Loc X Geo -
Loc X M Vol - - - -
Cont X Ceo -
Cont X M Vol ) - - - -
Geo X M Vol - ) - _ _ -

* Based on a chi-squared analysis.,
** Hy Major Volume > 2000 wvpd
LV = Major Volume 5_2000 vpd
*%k% w__» jpdicates variable not tested
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Oriver Bshavior

Analysis of the fleld data showed that

driver behavior varied significantly - among
regions.
artifacts experienced the dif-
ferences observed can be attrlbuted to the

influence of +the volume characteristics of

In Florida,

each region, Ffor example, New York,
higher forced stop and fast entry rates and

lower votuntary stop rates.
Travel Time

The effect of major volume on higher
forced stop rates in New York manlifests it-
self in terms of increased tfurning movément
travel times.

Conclusions

Although regional differences were ob-

served, they appear to be a consequence of

differences in major roadway volume. This

being the case,‘volume,'r@fhg?ffhan‘fggigqal_»

differences, should be considered in the es=
+abl i shment qf Cantrdl CFitaria, -

‘

Location

"Are there operational diffsrences between |

urban and rural low volume Intersections?"

Driver Behavié

gglunfary stop 'rate "was

higher for rural intersecticns than for ur-

ban. The opposite case was found for slow

entry.rate (urban higher than”ruralls = 1tis,
possible that both. findings are related to

the drivers! e;pec*a*ion of the likelihood

of being afforded an "adéqlia®é "gap 1A the ma=" ="

jor stream, |In~+*he urban_areas, whare major
volumes are higher, drivers may be condi-

tioned to accept a gap quickly, even if It

means making a "rdﬁllng s*obwaslouwenfry)t

!

Aside from contributory sampling

which
had the highest major roadway volumes, had’

. interaction of Areglon and location.
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Since the drivérs In rural
likely fo have an acceptable gap available
{due to

stop would not produ;e significant delay.

areas were more

lower major volumes), .a voluntary

Travel Time

.

Alfthough the rural
‘Intarsections

time at 4-leg
seconds

travel
was approximately 4
longer than the urban travel time, the bulk
of the difference 'was the the
sahp!ing artifact encountered at rural 4-leg
Intersections -in Florida (Table 35). This

ls afflirmed by the significant

result of

assumption
Com-
‘bined Trave!KTimes were less than one second
longer for rural intersections, demonstrat-
ing the. Impact of the sampiing artifact on
4—Ieg'Travel‘+imes.

Conclusions

observed betwesn wurban and

locations were probably a function of

Differences
rural
major roadway volume andfor Ssampling arti-
facts, These minor differences do not jus=-
tify establishing different control criteria

-~ for-urban and rural locations.

Geoﬁéfrx

"Are there operational differences between
Intersections of diftferent geometrlics?"
That 'is, does the traffic at. T
tions behave differently from the traffic at
14n

intersec-
Intersections,
Accident Experience
There were no significant main effects In
the ANOVA, but a chi-squared analysis showed
- that 4=leg intersections had significantly
‘more accidents than did 3-leg intersections
{p<.05). The most Ilkely interpretation of
this fInding is that there is a greater op-

portunity. for conflict, and consequently
accidents, at 4-leg infersections.,
S TS TR T

e gt Sy

i i i
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Conclusions

It is concluded that intersection gecmetry
in either safety
and there-

does not play a major rocle
or operational considerations,
fore, should not be included in contre! cri-

teria.

Major Volums

YAre there operationa)l dlfférences that
can be exptalned by consideration of major
volume?"

Driver Behavior

Major roadway volume appears to be the
predominant variable in low volume [ntersec-
increasas
day

Forced stop rate
at 2000

tion operation,
significantly
tvpd).

vehicles per

Accident Experience

The analysis showed significant relation-
ships maln effects for both accideht-related
variables. A chi-squared analysls indlicated
significant increases in intersections with
accidents at 2000 vpd and again at 4000 wvpd
{p<.05), This finding Indicates that major
volume is the primary variable affecting
accidsnt experiencea, Support fto this find-
ing is added by the analysis of the Texas
accident data, In which 1500 vpd surfaced as
the point of signlficant change in accident
exper ience,

Trave! Time

Trayel time for 3-leg Intersections and
turning movements increased significantly at
2000 vpd, probably as a result of the change

in forced stop rate at the same volume
level,.
Conclusions

Major wvolume signlficantly Impacts both
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accident potential and operation at low vol-
Above 2000 vpd, acclident
and operating cost increase sig-
nificantly, It should be noted that al-
though acclidents Increase at major volumes
above 2000 vpd, there is little indication
that intersections above that level are un-
safe, Tabla 352 shows that although the
accident rate from the fleld studiss
increasas, 1t is extremely low compared Yo
most accident standards.

ume intersections,
potential

annual

Stght Distance.

Though not included among the significanf
questions to be answered, the rote of sight
distance was considered fo be potentially
influential. The effects of sight distance
would be most readily demonstrated by chan-

‘ges in the valuntary driver behavior rates.

Voluntary stop and slow entry would be ex-
pected to increass, and fast entry decrease.
These variabfes were tested for the effects
of sight distance; it was found that sight
distance had no discernable effect.

Conclusions

Sight distance at low volume intersections
has no effect on safety or operations. How-
ever, type be
recommended for a location at which the dri-
ver 'is not afforded sight distance adequate
to perform the maneuver assoclated wlth that
type of confrol, The results of this re-
search suggest that the safs approach speed
of 10 mph (16 km/h) recommended In the MUTCD

in no case should a control

may be overly conservative. More |iberal
values such as those used by several juris-
dlctions [5 and 8 mph (8 and 13 km/h)] may

be adequate. Further research Is needed to
establish the minimum safe approach speed
for YIELD and Mo Control operation, Since a
less conservative value cannot be statisti-
calty justified, the 10 mph (16 km/h) value

specified in the MUTCD should be adhered

. to.



TABLE 52. Average Annual Accidents Experienced At
Field Study tntersections

Control Annual Accldent Rate
Type Ma jor Roadway Yolume
0 - 2000 vpd | 2001-4000 vpd | 4000 + wp
STOP .098 (27)% 030 (1)) 333 (10}
YIELD .048 (35) 333 ( 6) LA429 (7))
No
Control 0 (29) 0.0 3) «389 (12)
TOTAL . L0510 (91) 143 (20) - 381 {29)

Number of Intersectlons observed.
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COST-EFFECTIVENESS OF CONTROL ALTERNATIVES

Chapter 5 explored in depth the factors
bearing on the expected costs and benefits
to be derfved from changes In control type.
it was ciearly demonstrated that YIELD con-
Trol significant savings tTo the
road user, The of the total savings
is dependent on the number of vehicles on
the minor roadway, of STOP contol
always produces savings than the
cost of removal or changs. Changes away
from YIELD control produce signlficant dls-
beneflt to the road user wlthout any demon-
strated Increase in safety,

produces
level

Remova|
greater

It is concluded that YIELD control is the
most cost-etfective control type for [low
intersections, STOP control is the
cost-affective alternative at any
Though there is no
demonstrated effect of control type on accl-
dents, conventlonal wlsdom malntalns that
STOP control produces safer operatlon Than
YIELC. Even considerling potential accldent
costs, YIELD contro! Is demonstrably more
cost-effective than STOP up to 2 accidents
tn 3 years. (If the minor road volume ex=-
ceeds 300 vpd, up to 3 accidents In I years
wlth YIELD control Is cost-sffective.) STOP
should be Iinstalled at locatlons
with more than 3 accidents. '

volume
least
major roadway volume,

control

SUGGESTED CRITERIA

Based on the results of this study, the
following criteria should govern the appli-
cation of traffic control at low volume in-

tersectons:

l. STOP sign{s) should be I[nstalled on the
minor approach(es) of Interesections
where one or more of the following con-
ditions exist:
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a. Sight distance on any gquadrant pro-

* duces‘la safe approach speed on the
minor approach of less than 10 mph
(16 km/h) (per MUTCD}. .

b. Accldents invblving minor recadway ve-
hicles have occurred with efther ot
the followlng frequencles:
o Four or more within any
. perlod during the last

years, or
o Three or within the last
+ three years, provided fthe minor
roadway volumes are less than 300
vehlcles per day.

[2 menth
three

mara

2. YIELD slgn(s) should be installed on the

mlnor approach{es) of intersections

. where avallable sight distance exists on

all guadrants,to permit a safe approach

speed of at least 10 mph (16 km/h) and

one or more of the following conditions
exist:

a, No more than *wo accidents Invelving
minor roadway vehicles have occurred,
within the last three yesars, or

b, At intersections wlth mlnor roadway

volumes greater than 300 vehicles per

day, no more than three such accidents
have occurred within the tfast fThree

years.

3. No Control may be used at Intersectlons
where the sight dlstance specifled for
YIELD sligns is afforded, and there have
been no accidents In’ the Jast three
years, and the major roadway volume Is
less than 2000 vehlcles per day.

Table 53 summarizes the conditions under

“which each controcl type shou!d be applled,



TABLE 53,

Summary of

Suggested Control Criterla.

Major Roadway Yolume
Sight " Accident D
- Distance History £ 2000 vpd > 2000 vpd
|
0 No Control °
o |
<2 Y1ELD
Adequate ~ | - 1 - ]
3 STOP* -
4+
STOP
Not '
i Adequate

¥(f minor roadway is greater than 300 vpd, YIELD control Is

appropriate for

3 years.,

Intersections with

less than 4 accidents In
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CHAPTER 7: IMPLEMENTATION PLAN

Intersection
In a

Implementation of low volume
control ecriteria should be considered
prlority order for two categorlies: new in-
tersections and exlsting Intersections.
This chapter detalls the order |n which con-
changes should be considered and the

analyses necassary to Identify appropriate
‘ control for each location,

trol

1
NEW INTERSECTIONS

New intersections are those created by the
oponing of new streets, either singly or In
subdivisions. For new intersections of low
volume streets entering collector streets,
Y{ELD control should be Instailed In the

. close proximif{,fime-wlse}of the openling of
the street, The only analysis required will
be an estimate of the adequacy of sight dis-
tance for proper YIELD operation. Detalls
on this measurement are provided in the sec=~
tion on existing streets,

Intersections of new local/local streets
In a subdivlision should be laft uncon=-
trolled, provided there Is adequate sight

dlstance and no other clrcumstances requlr-
Ing centrol.
EXISTING [NTERSECTIONS

Control changes at locatlons where condi-
tlons are known to be withlin the recommended
criterla should be immediately,
At all other
volumes, sight dlistancs and a determlnation
of accldent history must be made prlor to
the Implementation of control changes. For
situatlions where a clty-wide or county-wlde
assessment of all Intersections !s impracti-
cal due to funding or personnel constraints,
STOP-controlled intersections should be con=-
sidered firsf,.because the changeover from
STOP to YIELD control produces the maximum
benefif.
be considered as time and funding permlit,
The following sections Identify the proce-
dures necessary in determining the feaslbil-

Imp | sman ted
loca?lons’esfimaTes of traffic

ity of a control change.

The remalning Intersections should

83

ldentiflcation of Low Volume (ntarsections

A determination of which of +he candldats
Intersections fit the low volume criterion
should be made first. It traffic volumes
are not known, a one-hour count should be
conducted, In the absence of better
ad Justment factors, courted volumes can be
converted to vpd estimates using the conver-

local

sion tfactors in Flgure 8,  Intersections
that do not meet the minimum criterla for
changlng control (minor vpd < 500) should be

dlscarded.

|dentiflication of Control Type

This activity applles only to studies con=-
sidering all Intersections, not
those consldering only STOP control. On-
site Inspection {during the counting activi-
ty) of each Intersectlon Is needsd to Insure
the type of devlice in place., This seemlingly
Included because signi-

low volume

unnecessary task Is
flcant error was encountered In all
device records examined, Intersections with
YIELD contro! can be elimlnated from further
study. ‘

Determination of Acclident Hlistory

The accldent hlstory should be determined
for each of the remalning Intersections,.
Only accldents Involving minor roadway ve—
hlcles should be considered,
wlth four or more accldents In ' the

Intersections
last

three years should be STOP-controlled.
Those wlth two or fewer accidents can be
further consldered for a control type
change.

‘Determine Adequacy of Sight DIstance

Before either YIELD or No Control can tbe
Implemanted, sight distance adequate for a
safe approach spesd of 10 mph (16km/h) must
be verified. Safe approach speed can be de-
termined from the flgure and chart shown In
Speeds should be measured If

1 speed measurement is not pos-

Appendix B.
possible;

control
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" where ths

sible, the posted speed limit for the ap-
proach should be used.

Priorities of Control Changes

First priority for change of all fthe In-
tersections that meet the above criteria for
Y1ELD should be those STOP=controlled inter-
sections with major volumes less than 2000
vehicles per days Thls is the category
need for change can be most
readily demonstrated. Implementation In
this éafegory will

tation at higher volume ranges,

enhance future Implemen=

Imp lementa="

85

tion in this range should be undertaken im-
mediately.

Next priority should be given *¢ changing
§TOP-controlted intersections in the > 2000
vpd range Yo YIELD, followed by No Control
to YIELD at local/local intersections: as
funding permits, Although YIELD produces
lower operating costs than No Control, care
should be exercised not fo apply contro! at
lest the

diminished

every loca!/local Intersection,

effectivenass eventually be

through overuse.
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Florida Rural STOP Florida Urban STOP
FE TVYEH CF ACC . Geo FS V¥S SE FE TVEH CF ACC

Geo FS ¥S SE
“3-leg 3 O 1 .0 4 Q.0 3-leg 0 O 3 2 5 0 0
3-leg 6 5 4 0 15 0 O ‘3-leg 5 0. 5 0 10 0 3
3-leg 0 2,0 1 Z 0 0 3~leg 4 0 10 115 0 0
3-leg 0 1 0 0 1 0 0 3-leg 1 2 14 3 20 0 O
3-leg 0 2 1 0O 3 0 0 4-leg 2 2 13 6 23 0 O
4-leg 9 14 15 2 40 0 O 4-1sg- O 1 14 3 18 0 .0
4~leq 22 2 S O 33 11 4-lag 8 © 13 1. 22 0 0
4-leg 31 2 7 0O 40 3 0 o 1 2 2 5 .0

4-leg’

Florida Urban YIELD o
Geo FS V5 .5F FE TVEH CF ACC

3-leg 0 0 5 0 5 .0 0
3-leg O 1 13 0 14 0 0
-leg C O 7 1 8 0 0
3-leg 1 011 1 13 0 0
leg ©C 0 5 1 6 0 O
" 3-leg O 1 7 0 8 0 0
3leg 0 1 4 0 5 0 O
4-leg 1 6 10 1 18 0 0
4=leg O 5 6 0 11 0 O
4-leg ‘4 3 12 ¢ 19 0 4
4=leg O 3 14 6 .23 © 2
4-leg 1 3 14 2 20 0 O
4-leg 0 3 18 4 25 O 2
4-leg 5 2 15 2 24 0 O
4-legg 0 0 -7 4 11 0 O
d-feg 0O 2 11 0. 13 0 0

Florida Urbhan No Control
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3-1eg
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New York Rura) STOP New York Urban STOP

Geo FS VS SE FE TVEH CF ACC Geo FS ¥S SE FE TVEH COF ACC
3-leg 7 0 5 1 13 0 1 3leg 7 0 7 3 17 1 i
I-leg C& 1 14 5 20 0 1 3-leg 6 0 3 2 N 1 0
3=leg 6 1 6 0 13 0 G 4-leg 15 0 8 2 25 1 0
3-leg 7 112 2 22 1 1 4-leg 8 1 14 4 25 1 3
3-leg 1t 8 1 11 0 o
4-leg 3 0 10 3 15 1 1
4-teg 02 3 18 6 27 0 O
4-leg 5 1 16 5 21 0 90

New York Rural YIELD New York Urban. YIELD

Gec FS VS SE FE TVEH CF ACC Geo FS VS SE FE TVEH OF ACC
3-leg 6 0 7 6 19 1 1 3-leg 6 0 6 0 12 1 1
3legg 9 0 6 419 0 O 3-leg 8 6 6 3 17 0 O
3lag 7 0 9 1t 17 10 3leg 10 0O 6 4 20 C 8
-leg 0 0 3 11 14 0 0 3-leg 2 0 3 2 7 0 0
I=-leg 4 O 4 1 Ei 10
3-leg 2 O 4 7 1 0
3-teg 2 L 11 4 18 0 0O
3-leg 12 7 0 200 1 0

New York Rural No Control New York Urban No Control

Geo FS ¥S5 SE FE TVEH CF ACC Geo FS ¥S SE FE TVEH CF ACC
I-teg 3 1 9 5 18 10 3-leg 3 0 & 2 11 1 90
I-leg 2 1t 10 0 13 0 0 I-leg 3 0 5 9 0 0
3-leg 8 0 6 0 14 10 -leg 5 0 6 3 14 0 O
3-leg 6 0 9 0 15 0 8 leg & 0 5 1 12 10
3leg 3 2 10 3 20 0 ¢ -leg 9 O B8 3 20 1 6
>lgg ! 0 14 1 16 0 O I-tag 3 0 4 i 8 0 0
3lgg 0O 0O 5 3 8 1 0 ey "8 0O 8 2 18 2 O
~legg 2 0 8 3 13 0 0 4-leag 9 0 12 5 26 1 0
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REG } LOC CONTROL GEG INT F5 ¥S SE FE TVEH CF. ACC
sTOP 3-Leg 6 51 10 62 15 138 8 2
4-Leg 4 59 75 183 59 386 -1 2
RURAL YVELD 3-leg 0 2 0 170 40 212 O 1
4-Leg 0 - - - -~ - = ==
No Control 3-Leg g 7 2 91 21 121 2 0
' 4-lag 2 3020 54 0 77 Q 0
 TOTAL - 30 122 107 570 135 934 11 5
. TEXAS ‘ , )
STOR 3-Leg 5 88 37 N3 27 25 12 0
4-Leg 5 32 3% 102 25 195 & 2
YIELD 3-Leg 5 1 6 120 5 132 0: 0
URBAN 4-1eg 5 10 31 145 4 190 3 1
Mo Control 3-Leg 9 37 17 104 0 158 8 O
4-leg 1 0 4 32 4 & 1 0
TOTAL - 30 168 131 5616 &5 980 28 3
TOTAL - -- 60 290 238 1186 200 1914 33 8
REG LOG CONTROL GEG  INT FS ¥S  SE FE TVEH CF ACC
STOP 3-Lag 5 9 10 6 1 25 0 O
4-Leg 3 062 18 3 2 13 4 0
RURAL
YLELD 0 T
No Control 0 .- s s - - R
TOTAL - 8 71 28 37 3 138 4
FLOR1DA
STOR 3-Leg 4 10 2 32 6 S0 0 3
4=Lag 4 10 4 42 12 68 0 1
URBAN ,
YLELD 3-Lag 71 3 52 3 3% 0 D
4-Leg 9 f1 27 107 19 184 0 8
No Control  3-Leg 8 0 1 12 2 15 0 0
4-Leg 0 == = m= mm am ea e
TOTAL - 32 32 37 245 42 356 0 12
TOTAL - - 40 103 65 282 45 494 4 13
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REG

NEW
.~ YORK

TVEH

LoC CONTROL GEO  INT £S5 ¥§  SE fE CF ACC
. S5TOP I-Leg 5 21 4 45 9 79 1 3
4-Leg 308 4 44 1470 1 i
RURAL YIELD 3-Leg 8 42 2 51 28 123 5 1
' . 4-Leg 0. == e em e aw e e
No Control 3-Leg g 27 4 T 15 17 3 8
4-Leg 0 == == mm o e oo e e
TOTAL -- 24 98 14 211 66 389 10 13
CSTOP 3-Leg 2 13 6 10 5 28 2 1.
‘ d=lLeq 2 23 1 22 6 50 2 3
_ YIELD  3leg 4 26 0 21 9 56 1 8
URBAN 4-Leg 0 ~= == m= == —e e -
No Control 3-Leg 7 3 0 42 13 92 5 6
4-Leg 1 9 0o 12 5 .26 1 0
TOTAL - 16 108 1 107 38 252 11 19"
TOTAL - -- 40 206 15 318 104 641 21
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APPENDIX B,

DETERMINATION OF

SAFE

APPROACH SPEED

The following discussion of sate approach
speed is taken from the Traffic Engisering

Handbook, Institute of Traffic Engineers,
1965, ' ‘

Safe appfeach‘speed studies are conductad
to determine the maximum speed af‘ which a
vehlcle can. approach an Intersection and
still be able to stop In time to avold a

callision with a vehlcle approaching on the

Intersecting street. The value of the safe
. approach speed can then be used to determine
the approprliate vehlicle right-of-way control
at the Intersectlon. ’

FlgiFe 9.shows the typical situation, . Two
cases ars 1llustrated: = vehlcle B on the
minor street apprdach Is in potential con-
flict with vehlcle A approaching from the
left on-the major street; or, vehicle C on
the mlinor street approach Is In potential
confllct with vehicle D approaching from the
right on .the major street,

The values of a' and c¢' are assumed tfo be
alther 12 f+. (3.6 m) (wlth curb parking),or
6 ft. (1.8 m) {without parking), for
two-way and one-way streets.” For two-way
streets, the values of b' and d' are elther
one-halt the street width plus 3 ft. {.9 m),
or the street wldth minus 12 ft+.. (3,6 m},
whichever is smaller; for one-way streets
the values for b' and d' are elthar 9 ft.
(2,7 m} {wlth curb parklng) or 3 ff. (.9 m}
{without parking). Values for a', b'?, c',
and df are measured In the fiefd. Values
for a, b, ¢, and d can than be computad.

The approach speed of the major sfreef
vehicles used in thls analysls must be at
least the 85%h percentile of the spot speeds
obsarved on this street; use of a higher
value than thls wtll‘pnovlde a safety fac-
tor.

both.
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In addition to the location® of sight
obstructions and' the speed of the fastest
vehicles on the major street, a number of
other factors affect the safe approach speed
from the minor street,
each of these for - every instance Is likaly

However, to evaluate

to be cumbersome, and several conditions are
theretore assumed: approaching vehlcles are
In~ the most dangerous legal position In
raspect to lateral placement on the roadway;
driver reactlon *ime ls 1 sec; decsleration
rate  Is 16 ft./sec’ (4.8 m/sec’); and
the driver's eye Is 7 ff. (2.1 m) behind the
front bumper and 2 ft. {1.6 m) from the lafft
side of the vehlcle. ‘

The chart shown in Figurs 10 represents
the solution which makes all the foregoing
aSsumprons;‘ahd Indlcates a safe approach
speed which wlll allow the wvehicle on the
minor approach to come to a stop 8 ft. (2.4
m) from the point where. the two wvehlcle
paths cress. The chart fs used by plotting
the coerdinates (a,b) and {c,d).
drawn through each of these polats to The
appropriate major street vehlcle speed scale

A line Is

A and extended unti] It Intersects scale B
for minor street vehlcle speeds, The
smaller of the two valuss on the latter

scale Is the safe approach speed for that
approach. [n the sample determinatlion of
safe ‘approach speedl itlustrated In Flgure
10, the following steps were taken: (1) the
coordinates {a = 35 ft, (10,5 m), b = 50 ft,
(150 m}). and (c = 40 ff, (12,0 m), d = 30
fte (9.0 m)} were plotted; (2) Ilnes were

drawn through each of these plotted polnts
to the assumed 33 mph . (11 km/h) major street
approach speed on scale A; and (3} these two
lInes ware extended until they Intersectaed
+he minor street speed\scale B.at the values
of 16 mph (26 km/h) and 12 mph (19 km/h),
respectively. Thus, In this example, the
smaller value of 12 mph {19 km/h} Is +the
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a,b,c,AND d ARE THE DISTANCES
FROM THE DRIVERS TO THE VIEW
OBSTRUCTIONS.

MINOR STREET

. ~(Source: Adapted from technique developed for the American
Automobile Association by the Institute of Transportation
and Traffic Engineering, University of California, Berkeley,
California and reported in the Traffic Engineering Handbook,
Institute of Traffic Engineers, 1965.

Figure 9.  Analysis of Safe Approach Speed for Vehicle
on Minor Street Approaching A Major Street
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and Traffic Engineering, University of California, Berkeley,
California and reported in the Traffic Engineering Handbook,
Institute of Traffic Engineers, 1965.)

Figure 10. Safe Approach Speed Chart I1lustrating
Analytical Example .

95



critical safe apprcach speed for thls minor
street approach.

A simllar analysis Is' conducted for the
other minor street approach. [f the tfwo
intersecting streets have almest equal
trafflic volumes, the entlre procedure may
have to be repeated after the designations
for  major and minor streets have been
Interchanged. Figure 11 Is a blank safe
approach speed chart for determining safe
approach speads.’
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To convert from miles per hour to
“kilometers per hour , multiply by 1.6.
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To convert from feet to meters,
muitiply by 0.30.

Figure

11.

Safe Approach Speed Chart
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development'(R&D) of -

the Federal Highway Administration (FHWA) are
responsible for a broad program of staff and contract
research and development and a Federal-aid
program, conducted by or through the State highway
transporiation agencies, that includes the Highway
Planning and Research (HP&R) program, and the
National Cooperative Highway Research Program
{NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtain timely solutions to urgent national highway
engineering problems.”

The diagonal double stripe on the cover of this report
represents a highway and is colorcoded to identify
the FCP category that the Teport falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray

for calegory 3, green for categories 6 and 7, and an

orange stripe identifies category 0.

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety

Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific-data for the
formulation of improved safety regulations.

2. Reduction of Traffic 'Congestion, and
Improved Operahonal Efficiency

Traffic R&D 'is concerned with mcreasmg the
operational efficiency of existing highways by
advancing technology, by improving designs for

_ existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such as bus and carpocl
preferential treatment, motorist information, and
rerouting of traffic.

3. Environmental Considerations in Highway .
- Design, Location, Construction, and Opera-

‘tion , .
Environmental R&D is directed toward identify-
ing and evaluating highway elements that affect

* The complete seven-volume official statement of the FCP is available from”

the National Technical Information Service, Springfield, Va. 2216]. Single
copies of the introductory volume are available without charge from Program

Analysis (HRD-3), Offices of Research and Development, Federal Highway

Administration, Washingion, D.C. 20590

the quality of the human environment. The goals °
are reduction of adverse highway and traffic—
impacts, and protection and enhancement of the

environment,

. Improved Materials U!il_ization hnd

Durability

Materials R&D is concerned with expandmg the
knowledge and technology of materials properties,
using available natural materials, imprdving struc-
tural foundation materials, recycling highway

" materials, converting industrial wastes into useful
highway products, developing extender or -
substitute materials for those in short supply, and

developing more rapid and reliable testing

procedures. The goals are lower highway con-

struction costs and extended maintenance-free

~gperation.

. Improved Desxgn to Reduce Costs, Extend

Life Expectancy, and Insure Structural
Safety

Structural R&D is concerned with furthermg the.

latest technological advances in structural and -~

hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient

highways at reasonable COSLS.  — e o e,

.Improved Technology for . nghway‘

Construction

This category is concerned with the research,

" development, and implementation of highway

construction technology to increase productivity,
reduce energy consumption, conserve dwindling
resources, and reduce costs while improving the
quality and methods of construction.

. Improved Technology for nghway
‘Maintenance

This category addresses problem's__ in preserving
the Nation’s highways and includes activities in

. . s . . .
' physical maintenance, ftraffic services, manage-

ment, and equipment. The goal is to maximize
operational efficiency and safety to the traveling
public while conserving resources.

. Other New Studles : -

This category, not included in the seven-volume

- official statement of the FCP, is concerned with
~ HP&R and NCHRP studies not specifically related
‘to FCP projects. These studies involve R&D

support of other FHWA program office research.




